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THE UNIVERSITY OF SAN FRANCISCO 
Dissertation Abstract 
 
An Investigation of the Influence of Fixed-do and Movable-do Solfège Systems  
on Sight-Singing Pitch Accuracy for Various Levels of  
Diatonic and Chromatic Complexity 
 
Sight-singing, recognized as an essential music skill, remains one of the weakest 
components in music education. Past studies investigating the most effective of the two 
most common sight-singing systems—the fixed-do and movable-do solfège systems—
provide inconclusive results for music with medium to high levels of diatonic and 
chromatic complexity.  
The purpose of this quantitative, ex post facto study was to investigate the 
influence of diatonic and chromatic complexity on sight-singing pitch accuracy for 
college music major students in a Northern California urban area who have trained in 
either the fixed-do or movable-do solfège systems, and who had piano experience before 
or beginning at age 12. There were three independent variables (solfège system, diatonic 
complexity, and chromatic complexity), one dependent variable (pitch accuracy), and one 
control variable (piano learning experience).  
Participants included 85 volunteer qualified music major students, 45 trained in 
fixed-do and 40 trained in movable-do. Participants were recorded sight-singing nine test 
passages, each containing one of three levels of diatonic complexity and one of three 
levels of chromatic complexity. The recordings were analyzed by a computerized scoring 
system to determine pitch accuracy for each sung note. Results were analyzed using a 
one-way ANOVA and a three-way ANOVA 2x(3x3) with repeated measures.  
  iv 
Participants trained under the fixed-do solfège system had statistically higher 
sight-singing pitch accuracy overall and at all three levels of diatonic and chromatic 
complexity with very large effect sizes. There were no statistically significant two-way or 
three-way interactions among the three factors: solfège system, diatonic complexity, and 
chromatic complexity. These findings suggest that the fixed-do solfège system is more 
effective for music with diatonic and chromatic complexity.  
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CHAPTER I 
STATEMENT OF THE PROBLEM 
Sight-singing is the ability of an individual to accurately sing music notes while 
sight-reading a printed music score (White, 2009). Sight-singing enables musicians to 
convert the printed music into sound without any instrumental aids. Typically, a musician 
is given a music score and, with only a few quick glances, he or she is expected to 
accurately sing the score. Sight-singing is widely considered a basic and essential music 
skill and, as such, is a fundamental goal in music education (Darrow & Marsh, 2006; 
Henry & Demorest, 1994; Holmes, 2009; McClung, 2001; Norris, 2004). Mastering this 
skill enables students to become independent learners (Butler & Lochstampfor, 1993; 
Larson, 1993; McClung, 2001).  
Several systems have been developed and are commonly used by musicians to 
assist and improve sight-singing. The most common systems use solfège, sometimes 
called solfeggio, a technique where notes are associated with specific syllables (e.g., do-
re-mi) and as the notes are sung the corresponding syllables are pronounced. It is felt that 
singing the syllables according the solfège system helps singers produce accurate pitch 
from music notation. Even many non-musicians have had exposure to solfège and, in 
fact, such systems have become a part of common culture in many countries, for 
example, the well-known score, “Do-Re-Mi”, from Rodger and Hammerstein’s musical 
film, The Sound of Music, in 1959.  
 Two solfège systems are currently preferred by most music educators: the fixed-
do system and the movable-do system (Killian & Henry, 2005; Holmes, 2009; May, 
1993; McClung, 2001; Smith, 1998). In general, the fixed-do system is most common in 
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Continental Europe and Russia, while movable-do is the most common system used in 
the United States and the United Kingdom (Bentley, 1959; Demorest, 2004; Kuehne, 
2007; Norris, 2004; Phillps, 1984; Siler, 1956; Smith, 1991). Both fixed-do and movable-
do systems apply solfège syllables (do, re, mi, fa, sol, la, si - sometimes ti is used instead 
of si in the movable-do system) onto the musical notes while sight-singing.  
 In the fixed-do system, the music notes “C, D, E… etc.” are always sung as “do, 
re, mi… etc.”, independent of the key signature1 of the music score (a detailed description 
of key signature is given in the Definition of Terms section at the end of the chapter). In 
the movable-do system, the “do, re, mi… etc.” are moved (applied to different notes) 
according to the key signature of the music score (Brown, 2001; Phillips, 1984; Smith, 
1991). Briefly, the fixed-do system is based on the absolute frequency of the notes 
independent of key signature while the movable-do system is based on relative tonal 
relationships and requires adjustment according to the key signature. Each system is 
recognized as having its own advantages and well as its own complications. For example, 
in the fixed-do system the syllables do not change with the key signature but the intervals 
(the distance in pitch between two notes, Sadie, 2001, Vol. 12, p. 500) between syllables 
may change according to key signature. On the other hand, in the movable-do system, the 
syllables change with key signature, but the intervals between syllables remain the same.  
In spite of its importance, studies indicate that sight-singing remains one of the 
weakest components in music education. Teachers find sight-singing difficult to teach. 
(Henry, 1999; McClung, 2001; Norris, 2004; Smith, 1998). Perhaps as a result, students 
                                                
1 Key signature is an arrangement of sharps or flats at the beginning of each staff to 
specify a key of the music (Latham, 2002; Randel, 2003). 
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often have difficulty sight-singing music. Numerous studies (Bolton, 2009; Henry, 1999; 
Scott, 1996; Vom Kampen, 2003) indicate that students do not develop sight-singing 
skills relevant to the music they have to perform. Several studies (Henry, 1999; Scott, 
1996) show that the test results of student’s sight-singing ability fall below the levels 
required by The National Standards of Music Education (MENC, 1994).  
 In an effort to improve sight-singing education, educators and researchers began 
studying the advantages and disadvantages of the various sight-singing solfège systems in 
the 1950’s. Since this time, there have been theoretical debates about the effectiveness of 
the movable-do and fixed-do sight-singing systems (Bentley, 1959; Houlahan & Tacka, 
1992; Larson, 1993; Phillips, 1984; Siler, 1956; Smith, 1991). One of the major 
arguments revolves around the “absolute” vs. “relative” nature of the two systems. It has 
been argued (Bentley, 1959; Phillips, 1984; Siler, 1956; Smith, 1991), for example, that 
the movable-do system is not able to handle more complex music including notes not 
contained in the key signature (known as chromatic complexity). For instance, if the key 
changes, the movable-do system requires re-shifting the do as well as the requirement to 
modify the syllable of certain notes before the key change is complete (Siler, 1956; 
Phillips, 1984). On the other hand, the fixed-do system has been characterized as 
“cumbersome and hazardous” (Bentley, 1959, p. 165) when key signatures contain many 
sharps and flats (known as diatonic complexity). These arguments are important because 
it is just such complex music that has been used extensively and has become mainstream 
since the 19th century (Bribitzer-Stull, 2006; Brown, 1986; Burgmer, 1995; Burnett & 
O’Donnell’s, 1996; Kopp, 2002; McCreless, 1983; Mitchell, 1962; Perttu, 2007; 
Swinden, 2005) and is what music students are generally required to learn.  
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Decades of theoretical debates have not reached a consensus and it is clear that 
more research must to be done to determine the most effective sight-singing solfège 
system (Kuehne, 2010; Riggs, 2011). Empirical studies now seem to afford a more 
convincing route to compare solfège systems. Since the mid 1990’s, some such studies 
have been conducted to examine or compare these two systems and the effects they have 
on sight-singing ability (Antinone, 2000; Brown, 2001; Demorest & May, 1995; Henry & 
Demorest, 1994; Holmes, 2009; Killian & Henry, 2005). Unfortunately, no clear 
conclusion has emerged among these studies. The results from Antinone (2000), Henry 
and Demorest (1994), Killian and Henry (2005) found no significant difference between 
the two solfège systems. Demorest and May (1995), and Holmes (2009) found students 
who use the movable-do system have slightly higher sight-singing achievement. Brown 
(2001) also found the two systems have small influence on students’ sight-singing pitch 
accuracy under some conditions.  
Unfortunately, most of these empirical studies comparing student’s sight-singing 
achievement (Antinone, 2000; Demorest & May, 1995; Henry & Demorest, 1994; 
Holmes, 2009) consider fairly simple music with little complexity (Antinone, 2000; 
Demorest & May, 1995; Henry & Demorest, 1994; Holmes, 2009; Killian & Henry, 
2005). Only one study (Brown 2001) includes passages with any meaningful musical 
complexity and difficulty. The results of these studies (Antinone, 2000; Demorest & 
May, 1995; Henry & Demorest, 1994; Holmes, 2009; Killian & Henry, 2005) are 
important, but they are not complete because (a) they do not test music of the level of 
complexity comparable to what students are required to learn, (b) they do not address 
how well the solfège systems work with music that has differing levels of complexity. 
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In summary, both teaching and learning sight-singing presents difficulties in 
music education. Although there have been debates for more than sixty years, it is not 
clear which is the more effective system between the two popular solfège systems (fixed-
do and movable-do) currently in use for sight-singing. Past studies comparing these 
systems have concentrated on the simplest musical scores and have not adequately 
explored their strengths and weaknesses under conditions of differing complexity.  
Background and Need 
 Sight-singing requires a person to accurately sing music from musical notation 
without first hearing it (Killian & Henry, 2005). While sight-singing, students need to 
have the ability to understand musical notation and produce accurate pitch and rhythm 
without first hearing the music. White (2009) states that sight-singing is the ability of an 
individual to sight-read a piece of music score and accurately produce the pitches, 
rhythms, and expressive markings on first sight without an instrumental aid. In other 
words, the basic task of sight-singing is to sight-read written music notation and convert 
it into sound (Larson, 1993). Butler and Lochstampfor (1993) also state that sight-singing 
is the skill that students should have to create an aural image of music in their minds 
while only looking at a music score, and this should be a goal to achieve in music 
learning. 
The survey results from Johnson’s study (1987) indicate that most of the directors 
in the North Central region of the American Choral Directors Association (ACDA) agree 
that sight-singing is essential for music learning. Many researchers (Henry & Demorest, 
1994; Holmes, 2009; McClung, 2001) state that sight-singing is considered a 
fundamental goal of music education and is essential to the development of an 
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independent music learner, one who is able to actively and independently enjoy music. 
Darrow and Marsh (2006) state that sight-singing is the most important skill to develop 
musicianship. Furthermore, the results of Smith’s (1998) survey study of professional 
choral directors in Florida show that 97.3% of the respondents believe that a regular 
schedule of sight-singing practice makes students learn music faster. 
Without sight-singing skill, students can only learn through a rote approach 
(memorize the sound through help from someone else or instrumental aids but without 
knowing how to read and sing from music scores directly). Researchers (Atterbury & 
Richardson, 1995; Brown, 2003; Von Kampen, 2003) stress that students should not learn 
music through a rote approach, and present the rote approach as a problem in current 
music education. Brown (2003) also stated that without basic reading and notating music 
skills, students could only be taught by memorization and listening. In other words, 
lacking the ability to read notation, students would only be able to produce the pitches 
after hearing the music. Researchers (Brown, 2003; Holmes, 2009) describe this 
phenomenon as analogous to the language classroom where students are taught to speak 
by repeating what they hear, but are not taught to write or read. 
Sight-Singing and the National Standards for Music Education 
Sight-singing has been widely accepted as one means for assessing students’ 
music reading abilities (Scott, 1996). The National Standards for Arts Education in music 
emphasize the importance of sight-singing development for both elementary and 
secondary students. Since 1994, sight-singing is included as one of the nine content 
standards from The National Standards for Music Education of Music Educators National 
Conference (MENC), also known as The National Association for Music Education 
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(MENC, 1994). These standards are widely used in K-12 music classrooms. Many states 
also have developed their own standards adapted from MENC that clearly state that sight-
singing is required and should be tested. For example, in 1993, Washington State passed 
the Education Reform Act in which sight-singing was one of the requirements from the 
5th grade (Smith, 2008). The Washington Assessment of Student Learning (WASL) is a 
state-mandated performance-based assessment developed to measure Essential Academic 
Learning Requirements in the state of Washington (Stage & Jacobsen, 2001). 
As the statements above show, sight-singing ability is universally considered as a 
fundamental goal of music education and is considered essential to the development of 
music learners. It is included in The National Standards of Music Education (MENC, 
1994). It allows students to convert printed musical notes into sound, and is an essential 
skill that allows students to become independent music learners.  
Challenges of Sight-Singing in Both Learning and Teaching 
In spite of the importance of sight-singing in music education, numerous studies 
indicate that many music students have difficulty sight-singing the music pieces they 
perform (Bolton, 2009; Henry, 1999; Scott, 1996 Vom Kampen, 2003). Scott (1996) 
studied 120 high school choir members in Illinois to determine their sight-singing level 
and ability in holistic and criterion-referenced tests. In this study, Scott (1996) compares 
the sight-singing test results from her participants to The National Standards for Music 
Education (MENC, 1994). The perhaps surprising results show that all of the 120 high 
school choir member participants fall below the high school levels in The National 
Standards of Music Education. Von Kampen (2003) found similar results in Nebraska 
high school music programs where many students found it hard to sight-sing due to their 
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lack of music skill. Henry (1999) studied the sight-singing ability of 322 students from 
grades 7-12 on a Vocal Sight-Reading Inventory (VSRI). VSRI was designed by the 
researcher to represent the discrete skills that are components of the holistic skill of sight-
singing (Henry, 1999). In this study, the 322 participants averaged only 25% accuracy on 
VSRI-based sight-singing assessments. Adding to the Henry’s findings that students have 
difficulty sight-singing, Bolton (2009) surveyed music teachers randomly selected from 
four middle schools in eastern Nebraska. Based on the survey results of these teachers’ 
experiences, music students did not develop the skill of sight-singing even the simplest 
melodies. 
 Given the documented underperformance in sight-singing ability among high 
school music students, and the emphasis placed on sight-singing as a fundamental skill, 
one might question whether there is a flaw or failure in the current system of music 
education. It is a natural next step to investigate, for example, how music teachers 
approach teaching sight-singing, whether teachers themselves are comfortable with and 
value sight-singing and whether some methods may be more or less effective in teaching 
sight-singing. Researchers note that many music teachers experience difficulty 
developing sight-singing teaching strategies and feel that sight-singing is hard to teach 
(Henry, 1999; McClung, 2001; Norris, 2004).  
McClung (2001) surveyed 2115 choral chairpersons and conductors in six 
southeastern states to investigate the methods currently used to teach sight-singing. The 
results indicate that there are at least four methods in use, which are: fixed-do solfège 
system, movable-do solfège system, neutral syllables, and scale-degree numbers. 
McClung (2001) suggests that sight-singing instruction remains one of the weakest 
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components in the teaching of music. Moreover, even though there are various sight-
singing methods existing, McClung (2001) stresses that music teachers fail to develop 
formal sight-singing teaching strategies and some teacher preparation programs fail to 
provide music teachers with appropriate tools to teach sight-singing.  
Smith (1998) conducted a survey study of sight-singing pedagogical practices, 
teacher attitudes, and university preparation of professional choir directors in Florida. 
The results from Smith’s study show evidence of weaknesses in teaching sight-singing: 
first, almost half of the respondents rated their college preparation for teaching sight-
singing as “Fair” or “Poor”; second, more than half of the respondents admitted that the 
training of teaching sight-singing they had was not enough; and third, 80% of the 
respondents stated that “they would have liked to have had more training in the pedagogy 
of sight-singing” (p. 10).  
 Von Kampen (2003) states that even though sight-singing is the fundamental 
approach to music learning, it is abandoned by many high school music directors due to 
time limitations and is substituted with rote teaching. The results from Von Kampen’s 
survey study (2003) indicate that more than half of the 201 high school directors in 
Nebraska do not utilize any methods for sight-singing in rehearsal time. Henry and 
Demorest (1994) also state that some music educators choose rote teaching instead of 
music reading to have instant and polished results for the particular pieces that they are 
working on. However, learning by rote singing will limit future performance and students 
might not even know when and where they make mistakes. Von Kampen (2003) further 
stresses the problem of using the rote approach by citing Jones (1957), stating that “… a 
real understanding [of music] is impossible if printed symbols have no meaning” (as cited 
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in Von Kampen, 2003, p. 8). If music students have high levels of sight-singing ability, 
rote teaching will become pointless because students are able to sing the pieces from the 
first sight of the score.  
 The studies described above highlight student’s sight-singing underperformance, 
teachers’ deficiency of knowledge and instruction of teaching strategies in sight-singing, 
and the abandonment of sight-singing practice because of the time constraints. The 
circumstance in both learning and teaching presents a problem in music education despite 
the fact that sight-singing is widely considered as one of the music skills that students 
most need to have. Seeking effective pedagogical methods for sight-singing is therefore 
an essential task in current music education. 
Search for the Most Effective Sight-Singing Method 
Adding to (or perhaps causing) the problems surrounding sight-singing education, 
researchers have strongly differing opinions on the effectiveness of various sight-singing 
teaching methods. Many researchers stress that the most effective sight-singing system is 
still uncertain due to lack of conclusive and persuasive evidence (Holmes, 2009; Killian 
& Henry, 2005; McClung, 2001; Riggs 2011). Kuehne’s (2010) review of 10 years of 
published research on sight-singing concludes that “though several researchers studied 
sight-singing, more research must be done [to examine the effectiveness of sight-singing 
ability from various sight-singing methods]” (p. 13). In a recent study, Riggs (2011) 
states that research does not conclude yet which sight-singing system is more beneficial 
for music learners. 
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Two Solfège Systems: Fixed-do and Movable-do 
Although the most effective sight-singing method is still uncertain, two solfège 
systems: fixed-do and movable-do are the sight-singing methods currently preferred by 
most professional music educators (Killian & Henry, 2005; Holmes, 2009; May, 1993; 
McClung, 2001; Smith, 1998). The two solfège systems are preferred differently in 
different parts of the world: the fixed-do system has replaced the movable-do system in 
Continental Europe and in Russia since the 18th century while the movable-do system is 
the most common sight-singing method in the United States and the United Kingdom 
(Bentley, 1959; Demorest, 2004; Kuehne, 2007; Norris, 2004; Phillps, 1984; Siler, 1956; 
Slonimsky, 1997; Smith, 1991).  
In both solfège systems, the syllables: do, re, mi, fa, sol, la, si (sometimes ti is 
used instead of si in movable-do system) are the singing symbols used to demonstrate the 
sound from music notation while singing a score. However, the two systems apply the 
syllables according to different rules. In the fixed-do system, “do, re, mi, fa, sol, la, si” 
syllables are located according to the absolute frequency of the notes, in other words, the 
musical notes “C, D, E, etc.” are always sung as “do, re, mi, etc.” regardless of the key 
signature of the score. In contrast, in the movable-do system, “do, re, mi, fa, sol, la, ti” 
syllables are located according to the key signatures. This requires the shift of the “do” 
syllable to the key (Antinone, 2000; Demorest & May, 1995; Henry & Demorest, 1994; 
Holmes, 2009; Killian & Henry, 2005). For example, when the piece is in the key of D 
Major, the note “D” is sung as “do”. In the key of G Major, the note “G” is sung as “do”. 
The remaining syllables then fall into place relative to the “do”. 
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Diatonic and Chromatic Complexity 
Previous studies demonstrate the intuitive results that sight-singing accuracy 
decreases with increasing musical complexity (Brown, 2001). In particular, sight-singers 
face challenges when more complex key signatures are specified and when notes are 
contained in the score that are not included in the key signature. These notes excluded 
from the key signature are called chromatic tones, and are indicated by musical signs 
called accidentals. 
In this study, I define complexity related to the key signature as “diatonic” 
complexity. Thus, diatonic complexity is measured by the number of sharps or flats 
contained in the key signature. A more detailed description of diatonic complexity is 
provided below. In contrast, “chromatic” complexity describes the complexity introduced 
by accidentals. In this study, chromatic complexity is defined and measured by the 
number of chromatic tones in the music passage. A more detailed description of 
chromatic complexity is also provided below. Music with diatonic complexity and 
chromatic complexity is the type of music that students are commonly required to learn 
and practice. While sight-singing pitch accuracy is known to be affected by diatonic and 
chromatic complexity, it is not known what impact the solfège system one was trained in 
has on an individual’s sight-singing pitch accuracy.  
Diatonic Complexity  
In a musical score, the key signature is “an arrangement of sharps or flats at the 
beginning of each staff” (Randel, 2003, p. 445) which determines the key of the music, 
chosen by its composer. Taking the piano keyboard as an example, the sharps or flats in 
the key signature indicate which black keys need to be played throughout the piece 
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(excluding some seldom used enharmonic notes that are played on the white keys). When 
there are no sharps or flats in the key signature, only white keys need to be played. The 
key defines a scale of notes, spaced at a well-defined set of intervals, on which the music 
is based. Such notes, specified by the key signature, are called “diatonic notes” (or 
diatonic tones) and the set of notes is called the “diatonic scale” (Latham, 2002; Randel, 
2003; Slonimsky, 1997). Diatonic tones used in melody or harmony generally produce 
sounds of consonance to the human ear. Keys are further classified as major or minor 
depending on the set of intervals (the distance in pitch between two notes) used to create 
the diatonic scale. Diatonic scales in Major keys, for example, use a series of intervals of  
“w-w-h-w-w-w-h” where “w” represents a whole step (whole tone––two semitones2) and 
“h” represents a half step (one semitone) difference in pitch. 
In general, there are 12 possible major keys each also having one relative minor 
key3 (Latham, 2002; Piston & Devoto, 1987; Randel, 2003; Slonimsky, 1997). While 
changing the key signature may shift the diatonic scale in pitch, in any major (or minor) 
key, the relationships (intervals) between the notes in the diatonic scale remain the same. 
For example, comparing two different major keys, the diatonic scale may be composed of 
different notes, but the relative intervals between the notes will be unchanged. 
                                                
2 Semitone is the smallest interval in use in the Western music tradition. There are 12 
such intervals to the octave. 
3 Although there could possibly be 14 key signatures of major and minor, discounting the 
enharmonically equal keys (e.g., F♯ Major is the enharmonic equivalent key of G♭ 
Major), there are only 12 different major and minor keys (Latham, 2002; Randel, 2003; 
Slonimsky, 1997). 
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The number of sharps or flats in the key signature can be from zero to seven for 
all the 12 major keys and their 12 relative minor keys (discounting the enharmonically 
equal keys). In this study, we consider greater numbers of sharps or flats in the key 
signature represent higher levels of diatonic complexity. Various levels of diatonic 
complexity have been commonly used in music notation since 18th century (Randel, 
2003; Sadie, 2001). 
Chromatic Complexity 
In general, musical notes not specified in the key signature are called chromatic 
tones4, sometimes called chromatic elements. A chromatic tone is produced by altering 
(raising or lowering) the pitch of a diatonic tone by one or two semitones. To alter a 
diatonic tone to a chromatic tone, a musical sign––accidental––is added to the note 
(Sadie, 2001, Vol.1, p. 51). In other words, chromatic tones are “exceptions” in the 
diatonic system. While diatonic tones produce “pure harmony”, chromatic tones present 
“dissonance” to the human ear. (McCreless, 1991; Mitchell, 1962; Politis & 
Margounakis, 2003). Adding chromatic tones can add a “color” effect to create tension 
and a more dramatic sound, or can be used for modulation—the process for changing the 
key (McCreless, 1991; Mitchell, 1962; Perttu, 2007). Various numbers of added 
chromatic tones create various levels of chromatic complexity. In general, adding more 
chromatic tones increases the level of chromatic complexity. Chromatic complexity can 
be combined with diatonic complexity compounding the overall complexity of the music. 
                                                
4 The leading tone from minor key is not included in key signature, however, it is 
arguable if this leading tone in minor key should be considered as a chromatic tone. 
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Table 1 below indicates the definitions and characteristics of the terms—diatonic and 
chromatic, and how diatonic and chromatic complexity is measured in this study. 
 
Table 1 
Definitions and Characteristics of Diatonic and Chromatic 
  
Diatonic 
 
 
Chromatic 
 
Definition 
 
 
Musical notes specified in the 
key signature. 
 
 
Musical notes not specified in the 
key signature. Chromatic notes 
are signified by accidentals in the 
score. 
 
 
General 
Characteristics 
 
Diatonic tones present “pure 
harmony” 
 
 
 
Chromatic tones present 
“dissonance”, or can be used for 
modulation. 
 
 
Complexity 
measured in 
this study by: 
 
 
The number (from zero to six) 
of sharps or flats in the key 
signature of the music passage. 
Higher numbers indicate higher 
complexity. 
 
 
The number (from zero to six) of 
chromatic notes in the melody of 
the music passage. Higher 
numbers indicate higher 
complexity. 
 
 
Development of Diatonic and Chromatic Complexity 
 This section provides a description of the historical development and use of 
diatonic complexity and chromatic complexity in Western music.  
Use of Diatonic Complexity 
As mentioned above, key signature is a group of arranged sharps and flats (or the 
absence of both) placed at the beginning of each staff in musical notation to specify a key 
(Latham, 2002; Randel, 2003). According to The New Grove Dictionary of Music and 
Musicians (Sadie, 2001), the earliest use of key signature can be found in manuscripts 
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with one flat presented as “prefacing signature” in musical staff between 11th to 12th 
century (Vol. 13, p. 551). By the end of 17th century, the use of a key signature to define 
the keys and the diatonic scales had become a Western musical tradition (Randel, 2003, 
p. 898). Various levels of diatonic complexity have been commonly used in music 
notation since 18th century through the present (Randel, 2003; Sadie, 2001).  
Use of Chromatic Complexity 
As mentioned above, chromatic tones are the musical notes excluded from the 
diatonic system. Chromatic music is based on the diatonic system but includes additional 
chromatic tones. It creates contrast between consonance and dissonance (Sadie, 2001), 
and adds interest to the music. In general, chromatic tones are commonly added to 
diatonic music for specific compositional purposes, such as for added embellishment, or 
for the process of changing the key of the music, called modulation (Burnett & 
O’Donnell, 1996; Kopp, 2002; McCreless, 1991; Mitchell, 1962, Ottman & Rogers, 
2007; Perttu, 2007).  
Chromaticism–Diatonic and Chromatic Complexity  
Chromaticism is a compositional style that combines both diatonic and chromatic 
complexity. Chromaticism, which adds chromatic tones to music based on a diatonic 
system, has been used commonly since 1600, and became more popular throughout the 
subsequent centuries (McCreless, 1991; Mitchell, 1962; Sadie, 2001; Perttu, 2007).  
Virtually all classical music composed since the 17th century makes use of chromatic 
tones throughout the score (Randel, 2003). In the 19th century, chromaticism was widely 
used and has since dominated Western music (Gauldin, 2004; Kopp, 2002; McCreless, 
1983; Perttu, 2007; Sadie, 2001; Smith, 1986). The Harvard Dictionary of Music 
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(Randel, 2003) uses Beethoven’s third symphony as example to demonstrate the massive 
use of modulation––one of the compositional styles in chromaticism––by stating “The 
first movement of Beethoven’s Eroica Symphony, for instance, modulates perhaps 17 
times between the beginning of the exposition and the beginning of the recapitulation, 
some 400 measures, without change of key signature” (p. 523). Randel further states 
“modulation is to be found in almost every work of tonal music” (p. 523).  
Overall, chromaticism has dominated Western music since the 17th century until 
the 20th century––the time period known as the “Common Practice Period5” (Sadie, 2001, 
Vol. 25 p. 583). Such a style of music evinces the contrast between consonance and 
dissonance, and has become the music that all serious music students need to learn.  
The Impact of Diatonic and Chromatic Complexity  
on the Fixed-do and Movable-do Systems 
With simple musical scores containing little or no diatonic and chromatic 
complexity, the fixed-do and movable-do systems can be virtually identical in their 
application. For example, in the key of C Major (with no sharps or flats in the key 
signature), the relative tones of the movable-do system are identical to the absolute tones 
of the fixed-do system. Consequently, we might expect little difference in the 
performance levels of singers using the two systems, all else being equal. This, in fact, is 
what previous studies (Antinone, 2000; Holmes, 2009) have shown. 
 
                                                
5 Common Practice Period is a historical period spanning the Baroque, Classical, and 
Romantic periods, in which the use of diatonic and chromatic musical elements is 
enormous (Sadie, 2001, Vol. 25 p.583). 
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Movable-do System with Diatonic and Chromatic Complexity 
When diatonic complexity and/or chromatic complexity are introduced, it is not 
immediately clear which system would result in better sight-singing accuracy. The two 
solfège systems are designed in different ways to handle music with diatonic and 
chromatic music. For example, the movable-do system is designed specifically for pure 
diatonic music (zero level of chromatic complexity––no chromatic tones). After 
determining which note should be sung as “do”, the rest of the syllables, re, mi, fa, sol, la, 
ti, fall exactly on the remaining diatonic tones in any key signature (Bentley, 1959). 
Therefore, movable-do learners only need to learn one set of the relationship between 
syllables, and this relationship can be applied to all diatonic keys (but not including 
chromatic tones). However, when chromatic tones appear in the score, it is possible that 
this theoretical advantage of the movable-do system is diminished (Phillips, 1984; Siler, 
1956; Smith, 1991). 
Fixed-do System with Diatonic and Chromatic Complexity 
The fixed-do system is designed around the absolute frequency of notes, 
independent of key signature. Consequently, it makes little difference to fixed-do singers 
whether a tone is diatonic or chromatic. For this reason, it is possible that the fixed-do 
system is impacted less by the addition of chromatic tones. However, owing to the 
independence of the fixed-do system from the key signature, fixed-do singers are also 
required to modify sung pitches up or down by a semitone each time a “diatonic sharp or 
flat” (specified by the key signature, not through accidental) is encountered (Phillips, 
1984; Siler, 1956). Theoretically, I would expect that a higher level of diatonic 
complexity can cause significant impact on the fixed-do system because the intervals 
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between syllables need to be altered according to the sharps or flats in the key signature. 
Therefore, some researchers state (e.g., Bentley, 1959) that when there are more sharps 
and flats in the key signature (a higher level of diatonic complexity), fixed-do sight-
singers may encounter a higher level of difficulty than movable-do singers. 
 Due to the pros and cons of both solfège systems, music educators have struggled 
to choose between the fixed-do and movable-do system (Brown, 2001; Holmes, 2009; 
Phillips, 1984, Larson, 1993). The most effective teaching system is still an open 
question (Killian & Henry, 2005; Henry, 2011; Kuehn, 2010; Riggs, 2011). Comparisons 
of the two systems on the basis of effective learning have been discussed, debated, and 
conducted for decades (Antinone, 2000; Bentley, 1959; Brown, 2001; Demorest & May, 
1995; Henry & Demorest, 1994; Holmes, 2009; Houlahan & Tacka, 1992; Larson, 1993; 
Phillips, 1984; Siler, 1956; Smith, 1991). However, the results from the comparison 
studies are varied and no consensus has yet been reached. Of particular importance is the 
fact that most past studies have used simplified music passages in both diatonic and 
chromatic aspects that do not correspond with the types of music that students are likely 
to encounter in the real world. As a result, questions regarding the effectiveness of the 
solfège systems under a full range of diatonic and chromatic complexities have not been 
fully addressed. 
Debate Between Fixed-do and Movable Systems 
Debates about sight-singing have often become “partisan”, the proponents from 
both sight-singing systems claim that their own system is the better system and criticize 
the other system as creating various problems for students’ learning (Bentley, 1959; 
Houlahan & Tacka, 1992; Larson, 1993; Phillips, 1984; Siler, 1956; Smith, 1991).  
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Criticism and Defense Based on Chromatic Complexity 
One major argument from these debates is whether the movable-do system is able 
to handle chromatic music. Fixed-do proponents (Brown, 2003; Phillips, 1984; Siler, 
1956) criticize the movable-do system, stating that using the movable-do system is 
difficult and results in slow performance with chromatic music. Movable-do proponents 
(Houlahan & Tacka, 1992; Smith, 1991) admit their system cannot handle highly 
chromatic music as well as the fixed-do system, but insist that the movable-do system is 
still a better system in certain styles of chromatic music, such as with modulation (the 
change of the key from one to another in the music). Some movable-do proponents (e.g., 
Smith, 1991) admit that the movable-do system makes students become slow sight-
singers in music with modulation, but claim that this is a good thing because students are 
constantly analyzing music and thinking about theory, and, they claim that this makes 
students better musicians over the long term. One movable-do proponent (Bentley, 1959) 
strongly denies that the movable-do system has any problem with music with modulation, 
and insists that the movable-do system is still better for modulation. Theories and 
analyses from both sides may seem convincing, however, there is a clear lack of 
supporting evidence either way and each side criticizes the other for their lack of 
supporting evidence.  
Criticism and Defense Based on Diatonic Complexity 
Another argument over these debates of the two systems is whether the fixed-do 
system is able to handle music with higher levels of diatonic complexity, that is, music 
with a high number of sharps and flats in the key signature. Movable-do proponent, 
Bentley (1959) criticizes the fixed-do system as “cumbersome and hazardous” (p. 165) 
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and causing complex mental processes for music with high levels of diatonic complexity. 
Bentley further critiques the fixed-do system as being based only on one single major 
key––C Major––because the note C is always sung as do. Fixed-do proponents, however, 
do not consider the system as having any problem with music with high levels of diatonic 
complexity. Furthermore, fixed-do proponents (e.g., Siler, 1956; Phillips, 1984) state that 
by constantly dealing with all the sharps and flats in the key signature, the fixed-do 
system makes students more aware of the key signature. Phillips (1984) further stresses 
that in the fixed-do system, the musical notes C, D, E from the staff notation are always 
sung as do, re, mi. Therefore, the fixed-do system makes students develop the ability to 
directly connect the singing syllables to musical staff notation. Thus, fixed-do proponents 
(Brown, 2003; Phillip, 1984; Siler, 1956) state that the fixed-do system helps student in 
recognition of music notation because the system requires students to label music in a 
notation format. Table 2 below describes the general definition of the two solfège 
systems—fixed-do system and movable-do system, and the theoretical advantage, 
disadvantage, and defense of diatonic and chromatic complexity on the two solfège 
systems. 
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Table 2 
Diatonic and Chromatic Complexity on the Fixed-do and Movable-do Systems 
 
 
 
Fixed-do Solfège System 
 
 
Movable-do Solfège System 
 
 
Singing Syllables 
 
Apply solfège syllables: do, re, mi, fa, sol, la, si (ti) to sing 
musical notes 
 
 
 
 
Definition 
 
Syllables are located according 
to the absolute frequency of 
the notes. 
 
Syllables change location 
according to the key but 
maintain the same relative 
intervals. 
 
 
The relationship 
between “do” and 
musical notes 
 
The syllables are equivalent in 
meaning to letter names: do = 
C, re = D, mi = E, and so forth. 
 
 
The keynote is always sung as 
do. For example, in the key of 
G Major, G is sung as do. 
 
 
 
Diatonic 
Complexity: 
 
Theoretical 
Advantage, 
Disadvantage, and 
Defense  
 
 
Disadvantage:  
Requires modification of 
pitches up or down when notes 
need to be sharpened or 
flattened according to the key 
signature.  
 
Defense:  
The system makes music 
learners more aware of sharps 
or flats in the key signature. 
 
 
Advantage:  
The system is designed 
specifically for pure diatonic 
music. After determining 
which note should be sung as 
“do”, the rest of the syllables, 
re, mi, fa, sol, la, ti, 
automatically fall on the 
remaining diatonic tones in 
any key signature. 
 
Chromatic 
Complexity: 
 
Theoretical 
Advantage, 
Disadvantage, and 
Defense 
 
Advantage:  
The system applies equally to 
diatonic and chromatic tones. 
Nothing special has to be done 
for chromatic tones. 
 
Disadvantage:  
Singer must alter vowel and 
pitch when encountering 
chromatic tones. Requires 
relocation of “do” to new 
keynote during modulation.  
 
Defense:  
The system makes music 
learners more aware of how 
music modulates to new key. 
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Empirical Studies of the Fixed-do and Movable-do Systems 
After nearly forty years of theoretical argument and debate from Siler (1956) to 
Larson (1993), researchers began to perform empirical studies to compare and assess the 
performance of students using these two different sight-singing systems (Antinone, 2000; 
Brown, 2001; Demorest & May, 1995; Killian & Henry, 2005; Henry & Demorest, 1994; 
Holmes, 2009). These studies attempt to compare the two systems using pitch (and in 
some cases rhythm) accuracy assessments with a range of students from eighth grade to 
college level music majors. Studies from Brown (2001), Demorest and May (1995), 
Henry and Demorest (1994), Killian and Henry (2005) are ex post facto comparison 
studies while Antinone (2000) and Holmes (2009) are experimental studies. Most of the 
studies found no significant difference between the two solfège systems (Antinone, 2000; 
Henry & Demorest, 1994; Killian & Henry, 2005). The results from Demorest and May 
(1995) found that students who use the movable-do system score significantly higher in 
pitch accuracy. However, it is important to note that other than Brown (2001), none of the 
studies (e.g., Antinone, 2000; Brown, 2001; Demorest & May, 1995; Killian & Henry, 
2005; Henry & Demorest, 1994; Holmes, 2009) address any meaningful levels of 
diatonic or chromatic complexity. Unfortunately, these studies have several limitations 
and no clear conclusion has emerged.  
Among these previous studies, only Brown (2001) tested students’ sight-singing 
accuracy using music with varying levels of diatonic and chromatic complexity. He 
found that students using the movable-do system have better sight-singing pitch accuracy 
on chromatic music at a simple level of complexity. Brown recommends additional study 
with a new set of test passages with “greater degrees of contrast between complexity 
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levels (simple, moderate, and difficult)” (p. 193) when testing the effectiveness between 
the two solfège systems. Brown (2001) further recommends students’ sight-singing 
performance on chromatic music should be further examined closely. He recommends 
additional studies should be conducted to address “various historical developments and 
complexities in chromaticism” (p. 195). Until now, no other study has been conducted 
that includes any meaningful chromatic complexity or diatonic complexity6 in the test 
assessment.  
Empirical Comparison Studies Lack Diatonic and Chromatic Complexity 
Even though music with diatonic and chromatic complexity has been widely used 
and has been in the mainstream for centuries, most empirical studies on sight-singing 
focus on oversimplified music passages with fairly low levels of diatonic and chromatic 
complexity (Antinone, 2000; Brown, 2001; Demorest & May, 1995; Henry & Demorest, 
1994; Holmes, 2009). Even though both diatonic and chromatic complexity factored in to 
the debates discussed above, with the exception of Brown’s (2001), few studies include 
different levels of diatonic and chromatic complexity when testing student’s sight-singing 
accuracy, and few, if any, compare different methods by adding any chromatic tones to 
their passages. Most of the empirical studies (e.g., Antinone, 2000; Henry & Demorest, 
1994; Holmes, 2009) include only diatonic tones, without any chromatic tones when 
comparing the two systems. Moreover, most of the studies (e.g., Antinone, 2000; Henry 
                                                
6 It should be pointed out that Brown’s (2001) definition of musical complexity differs in 
meaningful ways from that used in this study. In particular, Brown includes changes from 
major to minor key and variation in interval levels in his complexity factor, and he does 
not treat diatonic and chromatic complexities as independent variables. 
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& Demorest, 1994; Holmes, 2009) which include only diatonic tones, the selected key 
has a fairly low level of diatonic complexity with none or only one sharp or flat in the key 
signature. Other than Demorest and May (1995) who included only one single chromatic 
tone, Brown’s (2001) is the only study comparing the two systems using various levels of 
diatonic, modulatory, chromatic and atonal7 passages. Brown found evidence that 
students’ sight-singing pitch accuracy on different passage types was possibly correlated 
with the solfège system used. 
Empirical Comparison Studies Evaluated Pitch Accuracy by Ear 
In addition to the issues mentioned above, empirical studies necessarily require 
some form of measurement to assess the accuracy of the performance. Each of the 
comparison sight-singing studies described above (Antinone, 2000; Brown, 2001; 
Demorest & May, 1995; Henry & Demorest, 1994; Holmes, 2009; Killian & Henry, 
2005) use music students, teachers, or independent evaluators to score participants’ sight-
singing pitch accuracy “by ear”. However, with the human ear, it is hard to detect the 
exact accuracy by frequency, and it is also difficult to consistently determine what counts 
as on-pitch or off-pitch. In other words, the student assessment results can be only as 
accurate as the skill of the evaluators, which can be subjective, vary widely, and in the 
case of pitch analysis, may be inadequate to draw meaningful comparisons.  
Moreover, the human ear can be affected by “vowel color” when evaluating the 
pitch accuracy (Fowler & Brown, 1997; Pape, 2005). For instance, the vowels /i:/ might 
be perceived as higher in pitch than the vowel /a:/ when the two notes are, in fact, sung at 
                                                
7 Atonal music is a compositional style, developed in the 20th century, characterized by 
the absence of tonality or “key”.  
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identical pitch. Owing to the ways the two solfège systems are designed, each system will 
likely apply different vowels as singing syllables for the same note, and a particular test 
passage will contain different distributions of vowels when sung using different solfège 
systems. Therefore, test assessment procedures that rely on the human ear may be biased 
by this vowel color effect.  
Piano Experience and Sight-Singing 
Empirical studies have shown that piano experience has a strong impact on sight-
singing pitch accuracy (Brown, 2001; Daniel, 1986; Demorest, 1998; Demorest & May, 
1995; Harrison, 1996; Henry, 2011; Henry & Demorest, 1994; Killian & Henry, 2005; 
McClung, 2001; Scott, 1996; Tucker, 1969; White, 2009). Although piano experience is 
the most common confounding variable from current empirical sight-singing studies, 
none of the sight-singing studies control student’s piano learning experience when 
comparing the two solfège systems (e.g., Antinone, 2000; Brown, 2001; Demorest & 
May, 1995; Henry & Demorest, 1994; Killian & Henry, 2005; Holmes, 2009). More 
details on the relationship of piano experience and sight-singing ability are provided in 
the next Chapter—Review of the Literature.  
Summary 
As mentioned above, chromaticism is a compositional style with the combination 
of diatonic and chromatic systems. In this style, any level of chromatic complexity can be 
added to any level of diatonic complexity. Music can, and does, become complicated 
when compounding diatonic and chromatic complexity. Such music presents challenges 
to singers using any solfège system. However, this is precisely the type of music that 
students are exposed to, and need to be versed in (Bribitzer-Stull, 2006; Brown, 1986; 
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Burgmer, 1995; Burnett & O’Donnell’s, 1996; Kopp, 2002; McCreless, 1983; Mitchell, 
1962; Perttu, 2007; Swinden, 2005). This is especially so for college music major 
students. Previous studies used over-simplified assessments that were representative of 
the kinds of music that musicians actually perform. Consequently, test results comparing 
solfège systems are difficult to interpret with regard to differences between the systems, 
and their results are difficult to transfer to real-world practice. In addition, more issues 
from the past sight-singing studies should be investigated, such as piano experience as a 
confounding variable, and the reliance on subjective assessment performed by the human 
ear. 
Theoretical Framework 
In this study, I used Cognitive Load Theory to analyze sight-singing under the 
two solfège systems and to further support my anticipation that: (a) subjects using the 
fixed-do and movable-do system would score generally the same at lower levels of 
diatonic and chromatic complexity, (b) at lower levels of chromatic complexity, I 
expected relatively higher sight-singing pitch accuracy for subjects using the movable-do 
system as diatonic complexity increases, (c) for a given level of diatonic complexity, I 
expected relatively higher sight-singing pitch accuracy for subjects using the fixed-do 
system as chromatic complexity increases, and (d) at high levels of both diatonic and 
chromatic complexity, the expectation was unknown, and I expected to discover such 
results in this study.  
Cognitive Load Theory 
Cognitive load theory (CLT) originated in the 1980s and was developed and 
expanded throughout the 1990s (Paas, Renkl, & Sweller, 2004). CLT provides a 
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theoretical framework for cognitive processes during learning and problem solving 
(Chandler & Sweller, 1991; Paas, et al., 2004). CLT is based on several assumptions, 
which include: “…virtually unlimited capacity of long-term memory, schema theory of 
mental representations of knowledge, and limited-processing capacity assumption for 
working memory” (Brünken, Plass & Leutner, 2003, p. 54).  
 CLT assumes the presence of long-term memory and working memory. 
According to CLT, learning or problem solving, utilizes both long-term memory and 
working memory for various different purposes. Long-term memory stores organized or 
structured knowledge and has nearly unlimited capacity and can retain vast numbers of 
knowledge structures. Knowledge in long-term memory is stored in forms of organized 
schemas that allow us to categorize the problems and achieve the appropriate solutions 
(Kalyuga, Ayres, Candler & Sweller, 2003; Paas et al., 2004). Working memory is where 
all conscious cognitive processing occurs. Working memory has a limited capacity and 
can handle only a few elements of information at a time (Paas et al., 2004). Working 
memory is where new information is processed, for example, in a classroom situation 
where new learning material is presented to learners or during problem solving activities 
such as during sight-singing. Given its limited capacity, working memory can become 
overloaded when more than a few elements are processed, or where there are more 
complex interactions between elements (Kalyuga et al., 2003). In cases of such higher 
cognitive load, the effectiveness of learning or problem solving is decreased.  
CLT postulates three types of cognitive load which are processed in working 
memory: intrinsic load which is caused by the “complexity and inter-relatedness of the 
learning content” (Seufert & Brünken, 2006, p. 323), extraneous load which is not 
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directly related to or necessary for learning and can be created by inappropriate 
instructional design or any unnecessary distractions, and germane load which results 
from learners’ necessary efforts while processing learning materials to obtain schema 
acquisition and automation (Brünken et al., 2003; Seufert & Brünken, 2006). 
According to CLT, schemas are stored in the long-term memory as organized 
knowledge developed through experiences of learning (Sweller, van Merrienboer & Paas, 
1998). Information in schemas can be processed automatically without conscious 
thought, a process called schema automation (Kalyuga et al., 2003; Sweller et al., 1998). 
Schema automation can be obtained through sufficient repetition, practice and 
meaningful learning (Sweller et al., 1998). Schema can be retrieved from long-term 
memory into working memory. When schema automation is brought to working memory, 
because of its unconscious information processing, it reduces the load and frees the 
capacity of the limited working memory to make further information processing more 
efficient (Kalyuga et al., 2003; Paas et al., 2004). A learner presented with new 
information may recall a previously developed schema that enables him or her to rapidly 
organize and assimilate the information. A learner lacking such a schema may be slower 
to assimilate the new information.  
CLT and Sight-Singing 
Here we consider, from the viewpoint of CLT, the problem of a singer sight-
singing a piece of music. By definition, the score to be sight-sung is new information and 
is therefore processed in the limited working memory. In contrast, singing a well-known 
and previously sung passage, is not sight-singing by definition, and requires little 
working memory. The intrinsic load produced during sight-singing is determined mainly 
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by the difficulty and complexity of the musical passage. When the level of complexity is 
higher, for example, the intrinsic load increases, placing higher demands on working 
memory. According to CLT, although intrinsic load is a base load derived from the 
content of the learning information, it can be reduced by automating previously acquired 
schemas (Paas, et al., 2004). Therefore, when the same music passage is presented to 
different sight-singers, the intrinsic load can be different because the singers may have 
different acquired schemas resulting from different prior experiences and backgrounds.  
Extraneous load during sight-singing can include unnecessary distractions in learning 
such as lack of clarity of the music notation, background noises, etc. Germane load 
includes the learner’s conscious efforts to process and sight-sing the musical passage. 
This includes schema acquisition and automation of previously acquired schemas. The 
degree to which the total load on working memory can be reduced, and performance 
correspondingly increased, is influenced by the extent of schema development as well as 
the ability of schema to be applied to (automated for) the particular passage being sight-
sung.  
CLT and the Two Solfège Systems 
Learners who have studied one or more solfège systems have, according to CLT, 
developed schemas that can be drawn upon during sight-singing to reduce cognitive load. 
Sight-singers with well-developed solfège abilities will likely be able to sight-sing more 
complex music more accurately and with less effort. Figure 1 below demonstrates how 
CLT applies to these two solfège systems.  
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Figure 1. Model of CLT and the Two Solfège Systems for Sight-singing. 
 
In this study, I considered two competing solfège systems––fixed-do and 
movable-do. As shown in Figure 1, there are three types of cognitive load in working 
memory when using the two solfège systems in sight-singing. Intrinsic load and 
extraneous load can be the same for the two systems because sight-singers are given the 
same passages and sight-sing in the same environment. However, germane load is 
different because the sight-singers apply different solfège systems. Because the two 
solfège systems are designed differently, singers using different systems may have 
developed very different schemas. Therefore, when presenting the same music to sight-
singers trained in the two solfège system, cognitive load can be very different, all else 
being equal. This is especially so when handling music with differing degrees of diatonic 
complexity and chromatic complexity which the two systems handle differently. In other 
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words, cognitive load can be increased or reduced to different degrees when applying 
different solfège systems because different schemas may be automated. 
CLT Schemas and Diatonic Complexity 
The movable-do system is designed with constant intervals (the distance between 
two notes) that match the intervals of the diatonic system. In the movable-do system, 
after determining which note should be sung as “do”, the rest of the syllables, re, mi, fa, 
sol, la, ti, fall on exactly diatonic tones in any key (Bentley, 1959). In such a system, after 
relocating the do, the intervals between all syllables are unchanged for any level of 
diatonic complexity. For instance, in the movable-do system, the interval between do and 
re is a whole tone, the interval between mi and fa is a semitone, regardless of key 
signature. During the years of training and practicing, the schema developed from the 
movable-do system can presumably reduce cognitive load to a relatively higher degree 
for pure diatonic music. When the diatonic complexity increases (i.e., when the key 
signature contains more sharps or flats), the movable-do schema automation can 
significantly reduce germane load as intrinsic load is increased by content difficulty. 
On the other hand, the fixed-do system is designed to be applied to the absolute 
frequency of the notes, independent of the key signature (i.e., C = do, D = re, E = mi, 
etc.). Therefore, fixed-do singers are required to modify pitches up or down by a half step 
each time a sharp or flat is specified by the key signature (Phillips, 1984; Siler, 1956). 
This causes the singers to constantly change the intervals between syllables according to 
the sharps or flats in the key signature. For instance, when there are no sharps or flats in 
the key signature, the mi and fa represent the notes E and F, and the interval between 
these two notes is a semitone; when there is one sharp—F sharp—in the key signature, 
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the mi and fa represent the notes E and F sharp, and the interval between them is a whole 
tone. More sharps and flats in the key signature (higher level of diatonic complexity) 
increase the difficulty for fixed-do sight-singers (Bentley, 1959). Therefore, for trained 
fixed-do sight-singers, diatonic complexity can cause a relatively higher degree of 
germane load as compared to movable-do singers. In short, there is reason to believe that 
germane load may increase significantly as the diatonic complexity increases when using 
the fixed-do system. Thus, it would be expected that movable-do singers may have better 
sight-singing pitch accuracy than fixed-do singers when diatonic complexity increases in 
the condition that there is no chromatic complexity. 
In addition, when music contains sharps or flats in the key signature (diatonic 
complexity), the two systems apply different syllables to the same music because the 
movable-do singers need to relocate the do while the fixed-do singers do not. On the 
other hand, although the fixed-do singers do not need to relocate the do, they have to 
modify the intervals between the syllables while movable-do singers do not. The two 
systems have their own muscle memory, and schema to handle the same stimuli (music 
with diatonic complexity), thus, different responses can occur. That is why it is important 
to include diatonic complexity when investigating which of the two solfège systems is the 
most effective method for sight-singing. 
CLT Schemas and Chromatic Complexity 
From the descriptions in The Harvard Dictionary of Music (Randel, 2003, p. 793), 
fixed-do sight-singers apply the same rules when sight-singing diatonic and chromatic 
tones. In particular, the fixed-do system does not change the syllables when changing 
from diatonic to chromatic tones (Benjamin, Horvit & Nelson, 2005; Berkowitz, Fontrier 
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& Kraft, 1976; Randel, 2003). For instance, the D note is sung as re. When the D note is 
altered to a chromatic tone by raising a semitone in pitch, it is still sung as re. Because 
fixed-do singers need only find the correct pitch without changing the syllables when 
singing chromatic tones, they may experience a relatively lesser degree of germane load 
(compared with movable-do singers) when singing music with chromatic complexity. In 
short, fixed-do singers apply the same schema automation on diatonic as well as 
chromatic music; when the chromatic complexity increases, germane load may not be 
significantly impacted.  
In the movable-do system, syllables are relocated when singing in different keys. 
In addition syllables are altered in various complex ways when chromatic tones are 
encountered. To sing a chromatic tone in the movable-do system, the consonant of the 
syllable remains the same, but the vowel needs to be altered (Randel, 2003). For instance, 
in the key of D Major, the note D is sung as do, but when the tone is altered to a 
chromatic by raising it a semitone in pitch, it is sung as di. Thus, when movable-do 
singers sight-sing music with chromatic tones, they have to perform multiple 
simultaneous tasks including: (a) altering the syllable vowels, (b) finding the pitch for 
chromatic tones, (c) determining the location of the do according to the key signature, 
and (d) relocating the do if there is a modulation. Therefore, for trained movable-do 
sight-singers, chromatic complexity can cause a relatively higher degree of germane load 
as compared to fixed-do singers. In short, there is reason to believe that germane load 
may increase significantly as the chromatic complexity increases when using the 
movable-do system. Thus, for movable-do sight-singers, overall cognitive load will be 
higher, and possibly be overloaded in situations where chromatic complexity is high.   
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Movable-do Suits Diatonic, and Fixed-do Suits Chromatic? 
Because of the differences between the two solfège systems, sight-singers using 
different systems are presumably applying very different schemas while sight-singing. 
Even though the fixed-do and movable-do systems both apply solfège syllables (do, re, 
mi, etc.), the two systems have their own unique ways to process information while sight-
singing. When sight-singing purely diatonic music (no chromatic tones added) in the key 
of C Major (no sharps or flats in the key signature), I would expect little difference 
between the two systems. This is because the tones and the intervals for both systems 
need no adjustment in this key. When sight-singing purely diatonic passages in any other 
key I would expect the movable-do system to produce relatively smaller cognitive load. 
This is because the movable-do sight-singers need only find the location or pitch of the 
do one time, at the beginning of the score. Once the do is determined, the remaining notes 
automatically fall in place according to the standard diatonic scale intervals. In contrast, 
singers using the fixed-do system may experience a relatively higher cognitive load as the 
singer has to be aware of, and properly apply, the sharps and flats from the specified key 
signature each time a note is sung. In other words, when sight-singing purely diatonic 
music, movable-do singers may have an advantage because they do not have to adjust the 
tone intervals for different keys. Fixed-do singers are required to adjust the intervals 
between syllables for any key other than C Major. As the diatonic complexity increases, I 
would expect fixed-do singers to experience an increasing cognitive load, and I would 
expect a fairly constant load for movable-do singers.  
When sight-singing music with chromatic complexity, on the other hand, the 
movable-do system might produce a relatively higher cognitive load because each 
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chromatic tone in the score has to be sung with an altered vowel, new pitch for the 
chromatic tone, as well as constantly consider the location of the do according to the key 
signature, not to mention the relocation of the do if there is a modulation. As the number 
of chromatic tones increases, we would expect movable-do singers to experience an 
increasing cognitive load.  In contrast, the fixed-do system remains the same regardless 
of the key and the chromatic tones. Consequently, I would expect fixed-do singers to 
have a fairly constant load as chromatic tones are added. 
The difference of the schema structures can result in different degrees of working 
memory load for different types of musical passages, that is, movable-do may produce 
relatively less load for diatonic passages while fixed-do may produce relatively less load 
for chromatic passages. Previous studies which tested simple diatonic passages with little 
or no chromatic complexity do in fact show better results for movable-do singers, 
consistent with this theoretical description. Musical passages with chromatic complexity 
have not been fully tested. 
 CLT provides a theoretical basis for understanding the advantages and 
disadvantages of the two systems under varying conditions of diatonic and chromatic 
complexity. High levels of cognitive load may reduce students’ overall sight-singing 
pitch accuracy. It has not yet been shown conclusively which solfège system performs 
better (produces less cognitive load) with music passages with diatonic, chromatic, and 
compound (mixed diatonic and chromatic) complexities.  
Purpose of the Study 
The purpose of this quantitative study was to investigate the influence of various 
levels of diatonic and chromatic complexity on sight-singing pitch accuracy for college 
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music major students in a Northern California urban area who have trained in either the 
fixed-do and movable-do solfège systems, and who had piano experience before or 
beginning at age 12. This study examined the effectiveness of the two solfège systems 
under various conditions of diatonic and chromatic complexity. College-level music 
students sight-sang nine music passages of varying degrees of diatonic and chromatic 
difficulty. Specifically, three levels of diatonic complexity and three levels of chromatic 
complexity were used to test sight-singing pitch accuracy. Sight-singing pitch accuracy 
was measured for each sung passage and comparisons were made between users of the 
fixed-do and movable-do systems. Each sung note was analyzed and scored using a Pitch 
Accuracy Scoring Software (PASS) computer program. 
In this study, I focused on music from the Common Practice Period (between the 
17th century to the early 20th century), which is the period spanning the Baroque, 
Classical and Romantic periods (Sadie, 2001, Vol. 25, p. 583). The Common Practice 
Period is dominated by music of both diatonic and chromatic complexity. It also contains 
the bulk of the music that current music students are required to learn and to perform. 
The domain of 20th century atonal music (a compositional style characterized by the 
absence of tonality or “key”) was not discussed in this study. 
I anticipated, based on the results of past studies, that subjects using the fixed-do 
and movable-do systems would score generally the same at lower levels of diatonic and 
chromatic complexity. Such consistency with past studies at low levels of complexity 
would provide a degree of confidence on the design and implementation of this study. 
Higher levels of diatonic and chromatic complexity have not yet been investigated in 
detail. I expected that at lower levels of chromatic complexity, subjects using the 
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movable-do system would perform better as diatonic complexity increased. However, for 
a given level of diatonic complexity, I expected subjects using the fixed-do system to 
perform better as chromatic complexity increased.  
Research Questions 
 There were two main research questions in this study. The second research 
question had three sub-questions. All the questions were designed to compare the pitch 
accuracy of students who were trained under the fixed-do and movable-do solfège 
systems under various combinations of three levels of chromatic complexity and three 
levels of diatonic complexity. All questions were investigated controlling for the age at 
which participants started their piano learning experience: 
1. How do students trained under fixed-do and movable-do systems differ in overall 
sight-singing pitch accuracy when singing passages contain various levels of 
diatonic and chromatic complexity? 
2. How do students trained under fixed-do and movable-do systems differ in sight-
singing pitch accuracy under various conditions of diatonic and chromatic 
complexity? The three sub-questions are:  
a. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the diatonic complexity is varied? 
b. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the chromatic complexity is varied? 
c. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when both the diatonic complexity and 
chromatic complexity are varied? 
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Significance of the Study 
This study is important for at least three reasons. First, this study can benefit both 
music educators and students because it contributes more information and evidence 
regarding the most effective sight-singing teaching methods. It helps music learners, 
especially music major students, to learn and improve one of the most important music 
skills, sight-singing, putting themselves in a better position for their future careers. 
Second, this study contributes to the understanding of how sight-singing methods 
could help students’ sight-singing ability for musical styles with different levels of 
diatonic and chromatic complexity. Serious music learners, such as music major students, 
are regularly faced with music with different degrees of diatonic and chromatic 
complexity. It is important to find the most effective sight-singing system to fit the 
different levels of diatonic and chromatic complexity commonly used today. The results 
provide more references for music educators for the decisions of selecting a sight-singing 
method according to the complexity of music that their learners have to learn. Thus, this 
study helps music educators and students to find a more effective sight-singing method 
that they are able to apply to music in real-world practice. 
Third, this study adds to the current research literature about the benefits and 
effects of the fixed-do and movable-do systems. Even though music learners and 
educators encounter music with different levels of diatonic and chromatic complexity, 
most of the current studies only focus on overly simplified music while investigating the 
effectiveness of sight-singing ability afforded by fixed-do and movable-do systems. 
Moreover, the debates among fixed-do and movable-do sight-singing system proponents 
have continued for decades. One of the biggest arguments from each side is whether or 
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not the movable-do system can be effective for music with chromaticism. Another 
argument is whether or not the fixed-do system can be effective for music when the key 
signature is more complex––i.e., a higher level of diatonic complexity. While these 
debates are ongoing, very few studies include music with any level of both diatonic and 
chromatic complexity that can directly test the arguments. Thus, this study fills a gap in 
the literature by providing important information that contributes to the current 
knowledge on the effectiveness of solfège systems for the full-scale of the music while 
learning. 
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Definition of Terms 
 The lists below are the definitions of terms using in this study. Because this study 
is about certain music learning methods, there are many musical terms. This section will 
help readers to understand many technical terms used in this study. Most of the 
definitions of music terms are taken from the most prominent music dictionaries, 
including: The New Grove Dictionary of Music and Musicians (Sadie, 2001), The 
Harvard Dictionary of Music (Randel, 2003), The Oxford Companion to Music (Latham, 
2002), and Baker’s Dictionary of Music (Slonimsky, 1997).  
Absolute pitch: The ability either to sing or identify the pitch of a tone without reference 
to an external aid (Sadie, 2001). 
Accidental: A musical sign placed before a note, which alters (raises or lowers) its 
previously understood pitch by one or two semitones. The common accidentals 
often seen are: the sharp “♯”, which raises a note by one semitone; the flat “♭”, 
which lowers a note by one semitone; and the natural “♮”, which cancels a 
previous sharp or flat (Sadie, 2001). In tonal music, when a chromatic note 
occurs, it appears with an accidental.  
Andante: A music term to indicate a moderately slow speed to be played in a passage or 
piece. 
Atonal: Atonal music is a compositional style, developed in the 20th century, 
characterized by the absence of tonality or “key” (Randel, 2003). 
Backtracking: This term was used for the scoring system in Chapters Three and Five in 
this study. It is defined as when a participant stops somewhere in the passage and 
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goes back one or more notes to find the pitch, then, continues finishing the 
passage. 
Cadence: A melodic or harmonic configuration designed to create the sense of central 
pitch and resolution in tonal music (Randel, 2003). The sense resolution of 
cadence gives phrases a distinctive ending. 
Chromatic: In melodic and harmonic analysis the term “chromatic” is generally applied 
to notes marked with accidentals foreign to the scale of the key in which the 
passage is written (Sadie, 2001).  
Chromaticism: A compositional style characterized by adding chromatic tones to music 
based on diatonic system (McCreless, 1991; Mitchell, 1962; Sadie, 2001; Perttu, 
2007). Including chromatic tones in diatonic music creates contrast between 
consonance and dissonance, and adds “color” to the music (Latham, 2002; Sadie, 
2001). In general, chromatic tones are commonly used for specific compositional 
purposes, such as for embellishment, or for modulation (Burnett & O’Donnell, 
1996; Kopp, 2002; McCreless, 1991; Mitchell, 1962, Ottman & Rogers, 2007; 
Perttu, 2007).  
Chromatic Complexity: Various numbers of added chromatic tones create various levels 
of chromatic complexity. In this study, I consider greater numbers of chromatic 
tones to represent higher levels of chromatic complexity. 
Common Practice: Common Practice Period (from the 17th century to the early 20th 
century) is a historical period spanning the Baroque, Classical, and Romantic 
periods, characterized by diatonic and chromatic music (Sadie, 2001, Vol. 25 
p.583). 
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Diatonic: In general, the notes specified by the key signature are diatonic notes (Latham, 
2002; Randel, 2003; Slonimsky, 1997). By using key signature, this sequence of 
whole tones and semitones remains the same in every key. Within an octave, 
diatonic notes appear in a series of intervals of “w-w-h-w-w-w-h” where “w” 
represents a whole tone, “h” represents a semitone. Any major or natural minor 
scale without added chromatic tones is a diatonic scale. (Randel, 2003).  
Diatonic Complexity: In this study, I define diatonic complexity as the number of sharps 
or flats in the key signature. The greater numbers of sharps or flats in the key 
signature represent higher levels of diatonic complexity. 
Diminished Fifth: In equal-temperament, diminished fifth is an interval which contains 
one semitone less than the interval of perfect fifth. Diminished fifth is often used 
as the main interval of dissonance in Western Harmony. One common 
compositional style using diminished fifth is to create a perfect cadence from 
dominant 7th chord (Sadie, 2001, Vol. 25, p. 747-749). 
Dissonance: The antonym to consonance, hence a discordant sounding together of two or 
more notes perceived as having ‘roughness’, ‘tension’, or ‘unstable’ (Randel, 
2003; Sadie, 2001). 
Dotted Rhythm: Rhythms in which long notes alternate with one or more short notes 
(Sadie, 2001).  
Embellishing Tone: Ornament, commonly appears as non-harmonic note. In general, 
embellishing tones are the addition of notes (not parts of the chords) using for 
decorated purpose to add in more beautiful, interesting or flourishing sounds 
without changing the harmonic structure (Randel, 2003). 
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Equal Temperament: A system of tuning that precisely divides the octave into 12 equal 
semitones (Latham, 2003; Slonimsky, 1997). Equal temperament is widely 
regarded as the standard of Western temperament today (Sadie, 2001, Vol. 25, p. 
248). 
Fixed-do Solfège System: A sight-singing method. One of the two common solfège 
systems currently in use (the other one is movable-do system). The fixed-do 
system is used mainly in Continental Europe and in Russia. The syllables, do, re, 
mi, fa, sol, la, si, are used to sing scales, intervals, and melodic exercises. 
Different from movable-do system, in fixed-do system, the syllables are 
equivalent in meaning to letter names: do = C, re = D, mi = E, and so forth; they 
are assigned without regard to accidentals. (Randel, 2003). 
Flat Sign: The sign (♭) that, when placed before a note, lowers it in pitch by a semitone 
(Latham, 2002). 
Frequency: In acoustics, the number of complete vibrations or cycles occurring per unit 
of time (usually per second) in a vibrating system such as a string or column of air 
(Randel, 2003). 
Four-Four Time: A time signature. The first “four” indicates that there are four beats in 
each measure, and the second “four” indicates that the quarter note receives one 
beat (Sadie, 2001). 
Harmonics: The rich sounds heard from most musical instruments that result from the 
simultaneous setting up of several modes of vibration, also called overtones, or 
harmonic series (Latham, 2002). 
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Interval: The distance in pitch between two notes. Each interval is named according to 
the number of notes of the scale it spans (Latham, 2002).  
Just Intonation: A tuning system based on the ratios of natural harmonics (Latham, 
2002). Such intervals are considered to be acoustically pure, but un-tempered (see 
equal-temperament) except the octave itself (Randel, 2003; Slonimsky, 1997).  
Key Signature: A group of sharp or flat signs in an arrangement placed at the beginning 
of each staff that defines the key of the music (Randel, 2003). Through the key 
signature, the scale in each key maintains the same series of intervals, called 
diatonic. In other words, key signature indicates the principal notes––needed to be 
consistently sharpened or flattened throughout the music (Latham, 2002; Randel, 
2003; Slonimsky, 1997). For example, in key of D Major, the key signature is “F♯ 
and C♯” which indicates that every note of F and C needs to be play as F♯ and 
C♯ throughout the entire piece. 
Keynote: Also called tonic note. In tonal music, the name of the key is the keynote. For 
example, in the key of D Major, note D is the keynote (Randel, 2003). 
Leading Tone: The seventh degree of the scale, a semitone below the tonic. It often leads 
or resolves to the tonic in tonal music (Randel, 2003). In minor scale, the leading 
is “raised by means of an accidental in order to produce the leading-tone effect” 
(p. 459). 
Major Key and Minor Key: Major and minor keys are the two types of keys in tonal 
music. There are possible 12 major keys and 12 minor keys (Randel, 2003). Both 
major and minor scales are based on diatonic tones, with additional chromatic 
tones when needed for compositional purpose.  
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Mediant: The third scale degree of the diatonic scale (Randel, 2003). 
Modulation: In tonal music, modulation is the process of changing from one key to 
another (Randel, 2003). Because different keys have different numbers of sharps 
and flats as key signature, it requires chromatic note(s) as a foreign note(s) during 
the process of key changing (Latham, 2002).  
Movable-do Solfège System: Sometimes appears as tonic sol-fa or English sol-fa. It is one 
of the two common solfège systems used for sight-singing. Used mainly in 
English-speaking countries, such as the United Kingdom and the United States. 
The do, followed by the other of the syllables, re, mi, fa, sol, la, ti, changes the 
location associated with the key such that the tonic is always sung as do. For 
example, in the key of G Major, G is sung as do; and in the key of A Major, A is 
sung as do, etc. Differs from fixed-do where the syllables always represent the 
same pitch (Randel, 2003; Slonimsky, 1997). 
Natural Sign: The sign (♮) that alters the note by canceling the effect of sharp or flat 
when a note has been raised by a sharp or lowered by a flat (Latham, 2002). 
Non-harmonic Tone: Embellishing tone. In harmonic analysis, non-harmonic tone is not 
a part of the harmony, and it has the dissonance treatment as embellishment 
without changing harmonic structure (Randel, 2003). 
Octave: An interval bounded by two pitches with the same pitch names and the higher of 
whose frequencies is twice the lower (Randel, 2003). 
Pitch: The perceived quality of a sound that is chiefly a function of its fundamental 
frequency (Randel, 2003).  
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Repeating Notes: This term was used for the scoring system in Chapters Three and Five 
in this study. It is defined as when a participant stops sight-singing somewhere in 
the passage, and repeats the note where he/she stopped (without tracking back to 
previous notes) then, continues finishing the passage. 
Scale: In Western tonal music, diatonic scale is a set of notes from diatonic system 
arranged in order from lowest to highest or vice versa; chromatic scale is a set of 
notes including both diatonic and chromatic tones arranged in order from lowest 
to highest or vice versa (Randel, 2003). 
Semitone: The smallest interval in use in the Western music tradition. There are 12 such 
intervals to the octave (Randel, 2003). 
Sharp Sign: The sign (♯) placed before a note raises the note in pitch by a semitone 
(Latham, 2002). 
Sight-Singing: The ability to accurately sing music from notation that the singer has not 
previously seen or heard. The ability to sing at sight requires the ability to sight-
read as well as imagine the sound of pitches or intervals without the aid of an 
instrument. In other words, sight-singing involves reading, aural perception, and 
the production of sound without the assistance of an instrument to provide the 
pitch reference (Latham, 2002; Randel, 2003). 
Sight-Reading: The ability of the performance of music from notation that the musician 
has not previously seen or heard (Latham, 2002). Performing at sight on an 
instrument requires the ability to grasp the meaning of musical notation quickly 
and call upon the relevant technical skills for execution (Randel, 2003). 
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Solfège: Sometimes appears as solfeggio, or sol-fa. It is a term referring of singing music 
notes to solmization syllables: “do, re, mi, fa, sol, la, si” (sometimes ti is used 
instead of si in movable-do system) (Sadie, 2001). Currently, these syllables are 
applied to notes in two different ways: fixed-do and movable-do (Randel, 2003). 
Starting Over: This term was used for the scoring system in Chapters Three and Five in 
this study. It is defined as when a participant stops after singing more than one 
measure of the passage, then, starts over from the beginning to sing the whole 
passage again. 
Tempo: In music terminology, tempo is the speed in music piece or passage is meant to 
be played or sung (Sadie, 2001). 
Tonal:  In Western music, the organized relationships of tones with reference to a definite 
center of which the tonic is the principal tone; sometimes synonymous with key 
(Randel, 2003). 
Tonal Relationship: In a tonal system, the position and harmonic function of each note 
based on the relationship with the tonic, keynote (Sadie, 2001).  
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CHAPTER II 
REVIEW OF THE LITERATURE 
 The relative merits and effectiveness of the two most common sight-singing 
methods, fixed-do system and movable-do system, are still currently under discussion 
(Killian & Henry, 2005). Most existing studies, which compare or examine the 
effectiveness of the two systems, only tested student’s sight-singing accuracy using over-
simplified melodic passages in music complexity. These studies did not include any 
meaningful levels of diatonic complexity and chromatic complexity similar to which 
music students have to face during their learning. In addition, these studies only used the 
human ear to detect pitch accuracy, and they did not consider piano learning experience 
as a factor although piano experience is the most common confounding variable from 
existing studies. The purpose of this study was to investigate the influence of various 
levels of diatonic and chromatic complexity on the sight-singing pitch accuracy of 
college music major students in a Northern California urban area who were trained in 
either the fixed-do or movable-do solfège systems, and who had piano experience before 
or beginning at age 12. 
 This chapter is presented in four sections: (a) Debate Regarding Fixed-do and 
Movable-do Systems, (b) Studies of Fixed-do and Movable-do Systems, (c) Other 
Possible Confounding Factors, and (d) Assessment Procedure, Music Passages and 
Scoring Systems. The first section provides the analysis of the advantages and 
disadvantages of both the fixed-do and movable-do systems from proponents during their 
debate. The second section reviews how each relevant study, which directly compared or 
examined the sight-singing accuracy of the two systems, was conducted, and what the 
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results and limitations were. The third section discusses the confounding factors found 
from these relevant studies. The fourth section discusses the assessment procedures, 
music passages, and the pitch accuracy scoring system for each relevant study. 
Debate Regarding Fixed-do and Movable-do Systems 
 Since the 18th century, the fixed-do system was replacing the movable-do system 
in Continental Europe and Russia. At the same time, the movable-do system was 
developing strongly in English speaking countries, especially in the United States and the 
United Kingdom (Bentley, 1959; Phillips, 1984; Siler, 1956; Smith, 1991). The two 
systems developed independently for centuries until rapid communication in the 20th 
century again brought them together. In between the 1950’s to 1990’s many articles (e.g., 
Bentley, 1959; Larson, 1993; Phillips, 1984; Siler, 1956; Smith, 1991) debating the 
merits of the two systems were published in some of the main journals in music 
education such as Journal of Research in Music Education, Journal of Music Theory 
Pedagogy, The Choral Journal, and Indiana Theory Review. Proponents from both sides 
claimed their own system was a better system for music learning by analyzing numerous 
reasons to support their statements. Proponents from both systems also criticized the 
opposite system by listing their disadvantages.  
The following paragraphs are organized in two sections: proponents of fixed-do 
system, and proponents of movable-do system. Each section is organized by the 
proponents in chronological order: proponents of the fixed-do system: Siler (1956) and 
Phillips (1984), and proponents of the movable-do system: Bentley (1959), Smith (1991), 
and Larson (1993). These paragraphs provide the review of the debate and demonstrate 
how and why the proponents of each system favored the system they used.  
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Proponents of the Fixed-do System 
Siler (1956) published an article in the Journal of Research of Music Education to 
analyze the fixed-do and movable-do solfège systems. Siler (1956) stated directly that 
English-speaking countries, such as the United Kingdom and the United States, had the 
worst music teaching method which used “movable-do for vocal music and ABC’s for 
instrumental music” (p. 40). Followed by his negative characterization of the movable-do 
system, Siler (1956) stated that fixed-do, which was used in the non-English-speaking 
countries in Europe was the best system known by experts, and it worked for both vocal 
and instrumental music.  
Siler’s Critique of the Movable-do System in Chromatic Music 
Siler (1956) stated that one of the weaknesses of the movable-do system was in 
modulations because it required the shifting of keynote from one to another. Modulation 
is one of the styles of chromaticism which uses certain chromatic tones to change music 
from one key to another. Because of the key change, the movable-do system cannot be 
applied unless the do is relocated. Siler explained that when shifting the do to match the 
new keynote in the movable-do system, sight-singers need to pivot the syllables (e.g., do, 
re, mi… etc.) to a different location on the musical staff, which could cause confusion. 
Furthermore, Siler stated that movable-do singers could not sing other chromatic tones 
because of the way the system was designed. He claimed that fixed-do was the system 
suitable for chromatic music, and essential for atonal music. 
Siler’s Critique of the Movable-do System in Diatonic Music 
Another weakness identified by Siler (1956) was that the movable-do system 
could be only applied to vocal music while instrumentalists still read notes as ABC’s (the 
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name of musical notes, including: A, B, C, D, E, F, and G) and that this could be 
problematic because instrumentalists would have two systems in mind, one for reading 
and one for sight-singing. Siler explained that in the movable-do system, there is a 
conflict between do-re-mi’s (solfège singing syllables) and ABC’s (the name of musical 
notes) because do-re-mi’s are constantly shifting on ABC’s. He further stated that another 
problem of the movable-do system was the disregard of sharps or flats from the key 
signature, because movable-do singers only concentrate in shifting the location of the do 
from the key signature. The unawareness of sharps and flats in the key signature can 
create great confusion for instrumentalists because they have to constantly include the 
sharps and flats from the key signature when playing. Siler (1956) summarized that the 
movable-do system can be complicated and confusing during music learning for 
instrumentalists.  
Siler’s Summary 
Siler (1956) concluded that the movable-do system would not work for chromatic 
music, and cause confusion in diatonic music. He claimed that was also why movable-do 
users fell far behind fixed-do users in sight-singing. Therefore, he stated “There is no 
reason for doing [the movable-do system] at all” (p. 43). He also designed his own fixed-
do system by adding a few more syllables for chromatic tones. Following these 
statements, Siler (1956) used three pages to demonstrate how to use his custom designed 
fixed-do system to sing every single chromatic and diatonic note. He concluded that this 
system designed by him was not limited to simple diatonic music and allowed for 
modulation or other chromatic music (Siler, 1956).  
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 Another fixed-do system proponent, Phillips (1984), published an article in The 
Choral Journal to support the fixed-do system. In his article, Phillips demonstrated how 
and why some prominent music educators favored the fixed-do system, and he discussed 
problems with the movable-do system. 
Phillip’s Critique of the Movable-do System 
Phillips (1984) contended that the movable-do system employed by Guido 
d’Arezzo since the 11th century had become “more and more unsuitable” (p. 11) due to 
the expanded use of chromaticism in music since the 17th century. Phillips explained that 
this was the reason the fixed-do system was replacing the movable-do system in Europe 
during the 18th century, though movable-do was still used in the United States. He 
indicated that the movable-do system had difficulty handling chromatic music, such as 
modulation, other chromaticm, or atonal music. 
While defending the fixed-do system, Phillips (1984) also suggested some 
problems of the movable-do system. Phillips made two critiques of the movable-do 
system: first, similar to Siler (1956), Phillips stated that the movable-do system made 
students unaware of the existence of sharps and flats in the key signature; second, he 
stated that the movable-do system caused a higher level of difficulty when sight-singing 
because movable-do singers needed to use 17 syllables while fixed-do users only needed 
to learn seven syllables. 
Phillips’s Argument for the Fixed-do System 
Phillips (1984) listed another advantage of using the fixed-do system. He stated 
that the fixed-do system helped to establish absolute pitch music skills––the ability to 
hear and identify a pitch of tone (a note) without any other musical support or reference 
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(Takeuchi & Hulse, 1993; Winstead, 2000). Phillips (1984) strongly disagreed with 
Edwin Gordon––prominent American music educator––who claimed that the fixed-do 
system could only be of value for reading a score, but not for singing the pitches. Phillips 
defended for the fixed-do system claiming that the fixed-do system could develop 
inherent logic in tonal patterns consistent with tonality. Phillips (1984) further stated that 
Gordon’s theory needed to be further tested and more fully understood.  
Phillips (1984) described that when the fixed-do system replaced the movable-do 
system in Europe in the 18th century, it had still not gained great acceptance in the United 
States and might cause the situation that American children would have problems singing 
complicated musical scores. Phillips further stated that even though there was a lack of 
great acceptance in the United States, the fixed-do system was still favored by some 
prominent American choral conductors, such as Robert Shaw, Robert Page, and Thomas 
Hillbish (p. 15). Phillips provided further description to demonstrate how these American 
choral conductors favored the fixed-do system: Shaw had written a fixed-do teaching 
manual; Page declared firmly that the fixed-do system was the only solution to the 20th 
century music with the disappearance of tonal relationships; Hillbish had publicly stated 
that he saw the special value of the fixed-do system and was more comfortable with it 
(Phillips, 1984, p. 15-16). 
Proponents of the Movable-do System 
Bentley (1959) wrote an article to challenge Siler’s article (1956), and published 
in the same Journal of Research in Music Education. By listing advantages of the 
movable-do system and disadvantages of the fixed-do system, Bentley concluded that the 
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movable-do system was “… a most useful means of aural training and teaching music 
reading…” (p. 167). 
Bentley’s Promotion of the Movable-do System in Diatonic Music 
Bentley (1959) stated that the movable-do system was designed for diatonic 
music, and he claimed that diatonic music was the most common music in use. Bentley 
explained that in the movable-do system, the syllables: do, re, mi, fa, sol, la, ti, were the 
exact intervals of the diatonic scale which had two semitones: between mi-fa, and ti-do in 
one octave. He further explained that in the movable-do system, by changing the location 
of do, it maintained the same order of the whole tones/semitones so that the series of 
intervals would be the same in any key. Bentley (1959) claimed that this was the reason 
that musicians only needed to remember where the do was on the music staff and, 
therefore, the movable-do system on the stave “does not cause difficult and visual 
complication” (p.164). 
Bentley’s Critique of the Fixed-do System in Diatonic Music 
In the fixed-do system, the note C is always sung as do. Therefore, Bentley (1959) 
critiqued the fixed-do system, stating that it was only based on a single key, C Major, 
with added in chromatic syllables. He stated that was why the fixed-do system was more 
difficult to use for just establishing a key. Bentley further critiqued that the fixed-do 
system created large amounts of mental processing to sight-sing diatonic music in 
complicated key signatures (i.e., music with a high number of sharps or flats in the key 
signature). He used a short music excerpt, Bach’s Matthew Passion (p. 164), with four 
sharps in the key signature to demonstrate the difference in mental processing between 
the movable-do and fixed-do systems. He suggested that the mental processing in the 
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fixed-do system was more complicated when singing music with higher levels of diatonic 
complexity. Bentley concluded that the fixed-do system was “a much more cumbersome 
and hazardous operation” (p. 165) in diatonic music with complications of the sharps and 
flats. 
Bentley’s Defense of the Movable-do System in Chromatic Music  
Bentley (1959) completely denied Siler’s (1956) statement that the fixed-do 
system was the best system for modulation––one of the most common chromatic 
composition styles. Bentley stated that the movable-do system was also suitable for 
modulation because modulation still enhanced tonal center. However, Bentley admitted 
that the movable-do system was not for atonal music. 
Bentley (1959) also challenged Siler’s (1956) claim that “fixed-do is the best” 
(p.40), stating that this claim was only based on limited observation without being proved 
from experienced investigation. Bentley (1959) furthermore, condemned Siler’s negative 
comments about the movable-do system, stating that they were based on ignorance of the 
system.   
However, Bentley (1959) agreed with Siler’s claim that the fixed-do system could 
help musicians learn music theory rapidly. However, Bentley stated that Siler’s claim was 
true only for already trained musicians. Bentley (1959) claimed that the movable-do 
system had “the most useful means of aural training and teaching music reading” (p. 
167), and by applying the movable-do system, even children or beginners could interpret 
musical notation accurately. Bentley (1959) further strongly stated that he was convinced 
that music was much easier to sight-sing when using the movable-do system. 
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 After Bentley, another movable-do system proponent, Smith, (1991) published an 
article in the Journal of Music Theory Pedagogy, analyzing the benefits of learning the 
movable-do system. Although Smith stated that his article was meant to discuss the pros 
and cons of both systems, the article mainly focused on the advantages of the movable-do 
system and the disadvantages of the fixed-do system. 
Smith’s Defense of the Movable-do System in Chromatic Music  
Smith (1991) conceded that people who used the movable-do system read music 
with modulation slowly, and also could not sight-sing atonal music. Smith, however, 
defended the movable-do system by stating that atonal music was not often performed by 
average musicians. Also, he claimed and that the movable-do system helped students 
develop a higher understanding of music theory. Smith explained that students had to 
fully analyze the modulation to determine what was the new key in order to place the new 
do during modulation. He stated that the movable-do system made students think about 
theory more often, therefore, the movable-do system made students better musicians.  
Smith’s Critique of the Fixed-do System 
Smith (1991) stated that even though many musicians believed that the fixed-do 
system created an environment to develop absolute pitch (i.e., the ability to hear and 
identify a pitch of tone without any musical support or references), he felt that was not a 
strong enough argument in itself to apply the fixed-do system. Smith (1991) stated that 
there was no direct evidence to prove that absolute pitch ability makes students better 
music readers. Smith claimed that absolute pitch was just ability to name frequencies, so 
it could be helpful, but not essential for students to become better sight-singers and better 
musicians.  
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 Smith (1991), criticized strongly the fixed-do system stating it was just “purely 
nominal, notational, and visual it names pitches, but deaf to their tonal meaning and 
functional context” (p. 12).  Smith (1991) explained that his statement was based on: the 
syllables of the fixed-do system only described frequencies while the syllables of the 
movable-do system named tonal function. Therefore, he concluded that fixed-do could 
not reinforce the perceptual structures of tonality because it could not be used as a 
language to describe tonal structure. Meanwhile, Smith admitted that perception of 
frequency, which the fixed-do system is based on, was essential for perception of music, 
however, it contributed little to music structure and music theory.  
 Smith (1991) further claimed that the fixed-do system only had visual value, and 
could not help students to develop dictation skills, because casual listeners could not 
empower the listening process by using the fixed-do system, unless they had absolute 
pitch. He also claimed that the movable-do system was the system that could improve 
dictation skills by providing a language to describe and clarify tonal relationships while 
listening. Smith concluded that all the reasons above explained his serious objection to 
the fixed-do system, and stated that the fixed-do system had “no benefit in terms of 
understanding tonality” (p. 20). 
Larson’s Neutral Statement 
Despite the vigorous verbal fights among fixed-do and movable-do proponents 
described above, Larson (1993) stated that it was impossible to choose the best solfège 
system because different systems were better suited for different purposes. Larson 
concluded that every solfège system could be the best “… for specific students, for 
specific educational objectives, and for specific repertoires” (p. 165). Larson’s statement 
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sounded objective and fair, however, when he evaluated and analyzed the solfège 
systems, he only focused on the movable-do system, and provided no discussion of the 
fixed-do system. 
Summary 
The debate in the 20th century among music educators was intense. Most of the 
proponents, from both systems, used direct and aggressive vocabularies to declare that 
the system they advocated for should be used for music education. Both fixed-do and 
movable-do supporters were able to provide various strong arguments to support their 
positions and also to criticize the other. Theories and analyses from both sides seemed 
convincing, however, there was a clear lack of supporting evidence. Attacks and defenses 
often focused on this lack of evidence and accusations of personal bias were not 
uncommon. The need for empirical research became clear. Only after the mid 1990’s did 
the debate between fixed-do system and movable-do system become based on evidence 
from empirical studies.  
Studies of Fixed-do and Movable-do Solfège Systems 
 Debate surrounding the relative effectiveness of the fixed-do and movable-do 
sight-singing systems has been ongoing for decades. A handful of studies have been 
conducted to directly examine or compare these two systems on sight-singing accuracy in 
the past two decades. Some of these studies were ex post facto comparison studies (e.g., 
Brown, 2001; Demorest & May, 1995; Henry & Demorest, 1994). Some were 
experimental studies (e.g., Antinonoe, 2000). Most of these studies were conducted on 
high school choir students (e.g., Antinone, 2000; Demorest & May, 1995; Henry & 
Demorest, 1994). Only Brown (2001) used music major college students as participants.   
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The following paragraphs review these relevant studies (Antinone, 2000; Brown, 
2001; Demorest & May, 1995; Henry & Demorest, 1994) organized in two main sections 
by participant type: high school students, and college students in chronological order. For 
each of these studies, a discussion of the purpose, research questions, methodology, 
results, and limitations is provided.  
Prior Research With High School Students 
Henry and Demorest (1994) conducted a ex post facto comparison study to test 
high school choir student’s sight-singing accuracy from two high school choirs in Texas: 
one choir trained in the fixed-do system and the other choir trained in the movable-do 
system. The purpose of the study was to “investigate the level of individual sight-reading 
achievement in two choirs recognized for outstanding group sight-reading” (p. 5). 
Ninety-seven high school choir students were recruited to participate from two high 
school choirs. The researchers matched the two selected high school choirs by the 
outstanding sight-singing ratings at a state contest for at least three years. The major 
difference between these two schools was the sight-singing training systems they used: 
one school used the movable-do system, and the other used the fixed-do system. The 
research questions for this study were: (1) What was the distribution of sight-reading 
scores for the individuals in a choir with high group sight-reading success? (2) Was there 
a significant different in individual achievement for movable-do versus fixed-do group 
instructions? (3) What factors, other than method of instruction, might be related to 
individual sight-reading achievement (p. 6)?  
The results from Henry and Demorest (1994) indicated that there was no 
significant difference in student’s sight-singing accuracy between the movable-do group 
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and the fixed-do group. An average of 66% accuracy was found for students’ sight-
singing accuracy outcome. The results also indicated that private piano study was the 
only subject background variable that was significantly related to individual sight-singing 
accuracy. The questions raised from the findings of Henry and Demorest (1994) were: (a) 
If individuals in a top choir perform at an average 66% accuracy, how would individuals 
with less sight-singing training perform? (b) How would varying degrees of melodic 
difficulty affect students’ performance? (c) Are there variables in addition to piano study 
that might be related to an individual’s sight-singing performance? For future study, the 
researchers suggest to investigate the effect of various degrees of melodic difficulty on 
student’s sight-singing performance. The researchers also stated that investigation of 
other factors influence on sight-singing accuracy should be an area of future research. 
To address the new questions and the future recommendations suggested by 
Henry and Demorest (1994), the next year, Demorest and May (1995) conducted a study 
to investigate sight-singing instruction in the choral ensemble: factors related to 
individual performance. The research questions designed by the researchers were: (a) 
Which musical background variables are the best predictors of individual sight-singing 
achievement? (2) Does the presence of an accidental in the melody significantly lower 
students’ individual sight-singing score? (3) Are there significant differences in 
individual sight-singing performance due to the type of sight-singing system used (p. 
158)?  
Similar to the study from Henry and Demorest (1994), Demorest and May (1995) 
designed another comparison study to investigate the effectiveness of sight-singing 
methods on students’ performance. Demorest and May (1995) selected four schools from 
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two different suburban districts. The four schools were selected because they were the 
same size, located in two suburban districts in the same part of the state, and had 
excellent rating in the Texas University Interscholastic League (UIL) sight-singing 
contest from the previous semester. The participants included 414 high school choir 
members from these four schools. The difference among the four schools was that two 
schools in District One use the fixed-do system, and the other two schools in District Two 
used the movable-do system of sight-singing.  
Demorest and May (1995) tested each participant’s sight-singing accuracy. Each 
participant was tested with two melody examples: one without any chromatic tones, and 
the other with one chromatic tone. Each participant also completed a questionnaire to 
investigate the background variables as possible factors related to sight-singing accuracy, 
including their years of choral experience, years of private music lessons (either 
keyboard, voice or any instrument), and years of choral experience outside of school 
choir.  
The results from Demorest and May (1995) indicated that students in the 
movable-do groups achieved significantly higher scores for both melodies than students 
in the fixed-do groups. However, the researchers stated that the finding was tempered by 
the existence of other differences regarding private lessons, the solfège systems students 
used in their early training, and the assessments used in the different districts. The results 
also indicated that the background variables which were significantly related to sight-
singing achievement were: years of school choral experience, years of piano experience, 
years of private voice lessons, and years of outside choral experience. Years of school 
choral experience was the strongest predictor of sight-singing performance. Years of 
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piano lessons had a stronger relationship with individual performance comparing to other 
types of private music lessons. 
Even though significant differences were found in sight-singing accuracy between 
the two different systems, the researchers (Demorest & May, 1995) discussed that there 
were several possible confounding influences, such as differences in students’ 
background and educational practice between the schools using each system. Demorest 
and May (1995) stated another concern, which was that the questionnaire revealed the 
inconsistency of the sight-singing system students had trained throughout the years. 
Students in the fixed-do district actually had trained in the movable-do system until the 
fifth grade and only got introduced to the fixed-do system in middle school. Students in 
the movable-do district had training in the movable-do system from kindergarten to the 
twelfth grade. The familiarity of the system might be another confounding variable. 
Although Demorest and May (1995) claimed in the research question to investigate the 
various levels of melodic difficulty and the presence of chromatic tone(s) between two 
sight-singing systems, they did not included clearly different levels of melody difficulty 
in the two melodic test passages. Instead, the two melodic passages (Demorest & May, 
1995) were similar, relatively simple, and with only one chromatic tone added to the 
second melody passage. Future investigation should examine the effectiveness of the two 
systems on sight-singing performance on melodic passages that show greater variance in 
difficulty levels. Demorest and May (1995) suggested future study as “an experimental 
examination of the role of individual evaluation as pedagogical tool and for a further 
exploration of the relationship of broad-based musical training and individual sight-
singing achievement” (p. 166). 
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Different than the two comparison studies described above (Demorest & May 
1995; Henry & Demorest, 1994), Antinone (2000) conducted an experimental study to 
“determine what effect the use of movable-do and fixed-do sight-singing systems has on 
beginning choral students’ melodic sight-singing accuracy” (p. 6). The participants were 
76 seventh-grade students from two classrooms at a single school in a suburban area. All 
the participants were female. Antinone (2000) assigned each existing classroom to a 
different condition: one was the movable-do group, and the other was the fixed-do group. 
No other effort was made when assigning students in groups. The two groups both 
received nine 15-minute sight-singing lessons utilizing the same material––Sing at Sight 
(Appleby, 1960)––for two weeks. Each group received training in the assigned system, 
either movable-do or fixed-do. The sight-singing test passages used in this study were 
three fairly simple melodic passages in the Key of C (no sharps or flats in the key 
signature) and the Key of F (one flat in the key signature). In addition, the passages 
contained no chromatic tones, and no greater intervals between notes. All the notes 
moved by stepping––from one note to the next note––without any skipping in intervals. 
In general, the results from the study (Antinone, 2000) show no significant 
difference between the two systems. The results also indicate that the movable-do group 
had fewer pitch errors on the sight-singing test than the fixed-do group. Based on the 
results, Antinone (2000) suggest that there was a minor difference in student sight-
singing accuracy on the sight-singing system in use––either movable-do or fixed-do. 
Antinone stated the limitations as: (a) only two seventh grade classrooms at the same 
school were selected as participants, (b) no regard was taken for the ethnicity, 
socioeconomic background, previous musical experience, age, (c) they did not randomly 
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assign participants into groups, and (d) only two weeks of treatment might not be enough 
to show any credible results. Antinone (2000) implied that future research could be 
conducted with a larger sample size, longer period of instructional treatment, and control 
for the background levels of the participants. 
Prior Research With College Music Students 
From the existing studies of comparing the two sight-singing systems (fixed-do 
and movable-do) on sight-singing accuracy, Brown (2001) was the only study using 
sight-singing test passages that broadly covered various levels of complexity and 
compositional styles. The purpose of Brown’s (2001) study was to test the effectiveness 
of the fixed-do and movable-do systems on college music students’ sight-singing abilities 
in various music categories, including diatonic, modulatory, chromatic, and atonal 
melodic passages. In his study, Brown (2001) divided chromaticism into two categories–
–modulatory and chromatic––by different purposes of using chromatic tones. Brown 
(2001) stated that owing to the various styles and levels of complexity in performing 
current repertoire, students’ capacity to sight-sing music beyond diatonic and modulatory 
levels was vital to their music learning. Moreover, Brown also stated that the movable-do 
system was designed for tonal systems (music based on the diatonic system with optional 
chromatic tones) while the fixed-do system was more appropriate for chromatic (Brown 
considered chromatic music as music based on the diatonic system with numerous 
additional chromatic tones) and atonal music. In each of the four music categories, there 
are three levels of difficulty (Brown used the term “complexity” level), which are: 
simple, moderate, and difficult. Therefore, determination of the most effective sight-
singing system was tested under conditions of different music categories and levels of 
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difficulty. Brown examined students’ sight-singing accuracy in two ways—pitch 
accuracy and label accuracy. Label accuracy is determined if the correct syllable (do, re, 
mi, etc.) is applied to each note (A, B, C, etc…). The research questions in Brown’s study 
were: (a) Does training under a particular system- fixed or movable-do- better prepare 
undergraduate students for sight-singing diatonic, modulatory, chromatic, and atonal 
music regardless of label accuracy (the accuracy of using solfège syllables, such as do, 
re, mi, etc.) ? (b) Is the undergraduate students’ label accuracy consistent with their pitch 
accuracy when sight-singing diatonic, modulatory, chromatic, and atonal music (p. 14-
15)? 
Participants in Brown’s (2001) study were 70 music major students from four-
year universities accredited by the National Association of Schools of Music (NASM), 
and enrolled in a second-year music theory course. All participants were requested to 
have trained under either the fixed-do or movable-do sight-singing system. Selection 
criteria were used to “identify universities with students who had similar training and 
abilities, using accreditation, contact hours, class scheduling, and system homogeneity” 
(p. 97). These four selected universities had reached the standards from NASM, and 
required all students to take two years of ear training. From all the qualified volunteers, 
Brown selected 35 subjects who trained under the movable-do system, and 35 subjects 
who trained under the fixed-do system to participate the study. 
Brown (2001) used twelve non-rhythmic, 20-note melodic passages to compare 
students who trained under the movable-do and fixed-do sight-singing systems. These 
passages with three different levels of complexity (simple, moderate, and difficult) were 
categorized in four compositional styles: diatonic, modulatory, chromatic, and atonal. 
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The four categories exhibited a gradual progression of chromatic activity (increased by 
the amount of chromatic tones indicated by accidentals). There were no chromatic tones 
in the passages under diatonic category; a few chromatic tones appeared in the passage in 
the modulatory category; more chromatic tones appeared in the passages in the chromatic 
category; and numerous accidentals were found in the atonal passages. In all four 
categories of compositional styles, each category contained three music passages with 
three levels of difficulty (Brown called this complexity). The difficulty levels in each 
category were more or less increased by the different combinations of various factors 
including: (a) the number of chromatic tones, (b) the number of sharps or flat in the key 
signature (except the atonal category because there is no key signature in the atonal 
category), (c) the distance between the adjacent notes–interval, (d) frequency of changing 
directions, or (e) the change of major key to minor key or sometimes minor key to major 
key.  
The results from the study (Brown, 2001) indicated no significant differences in 
the four music categories overall (p. 171). One significant difference found is that 
students trained under the movable-do system have higher pitch accuracy on chromatic 
passages at a simple level of complexity while students trained under the fixed-do system 
have higher label accuracy on atonal passages at a difficult level of complexity. The 
results also showed that students who played piano, had experiences in ear training, had 
absolute pitch, and more years of private music lessons, had significantly higher sight-
singing skill and were confounding factors.  
For future investigation, Brown (2001) suggested an expansion of his study but 
including different branches of the movable-do and fixed-do systems, such as do-minor 
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movable solfège, la-minor movable solfège, chromatic-fixed solfège, and non-chromatic-
fixed solfège. Brown also suggested a replication with the addition of institutions 
requiring students to use both the movable-do and fixed-do systems, or with the addition 
of institutions providing curricula to train students’ aural-skill on different music 
categories. Regarding the test passages, Brown recommends additional study with a new 
set of test passages with “greater degrees of contrast between complexity levels (simple, 
moderate, and difficult)” (p. 193) when testing the effectiveness between the two solfège 
systems. Brown (2001) further recommends students’ sight-singing accuracy on 
chromatic music should be further examined closely. He recommends additional studies 
should be conducted to address “various historical developments and complexities in 
chromaticism” (p. 195). 
Summary 
Findings from the above studies are inconclusive regarding the effectiveness of 
the fixed-do and movable-do systems on sight singing accuracy. Antinone (2000), and 
Henry and Demorest (1994), found no significant difference between the two systems on 
sight-singing achievement. Demorest and May (1995) found that the group that used the 
movable-do system had higher sight-singing achievement. Antinone (2000) also found 
the movable-do group had slightly less pitch errors during the sight-singing tests. Brown 
(2001) found significant differences between the two systems under certain conditions of 
compositional style and complexity level. 
With few exceptions (Brown, 2001), the above studies use relatively simple 
musical passages with few or no levels of diatonic and chromatic complexity to test sight-
singing. Antinone (2000), Demorest and May (1995), Henry and Demorest (1994), use 
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only one music category with fairly simple complexity level. Except for Brown (2001), 
most sight-singing samples only have none, or one sharp or flat in the key signature, and 
the use of chromatic tones were nearly absent. Sight-singing test samples from Antinone 
(2000), and Henry and Demorest (1994) included relatively simple melodies with no 
chromaticism. Demorest and May (1995) included only one single chromatic tone in their 
entire sight-singing tests. More details of the sight-singing assessments used from all 
these studies will be discussed later in this chapter. 
Among these studies described above, only Brown (2001) included different 
music categories and difficulty levels in the sight-singing tests as independent variables. 
The results from Brown (2001) indicated that the movable-do and fixed-do systems had 
different effects on students’ sight-singing performance under some conditions of 
compositional style and complexity level. Students from the movable-do group had 
higher sight-singing pitch accuracy for the chromatic music category and at a simple 
complexity level while students from the fixed-do group had higher sight-singing label 
accuracy for the atonal music category and at a difficult complexity level.  
Except for Antinone (2000), most of the researchers (Brown, 2001; Demorest & 
May, 1995; Henry & Demorest, 1994) recommended investigating students’ sight-
singing accuracy on music with different levels of complexity comparing the 
effectiveness of the fixed-do system and the movable-do system. Both Demorest and 
May (1995), and Henry and Demorest (1994) recommended that future investigation 
should examine the effectiveness of the two systems on sight-singing accuracy on 
melodic passages that show greater variance in difficulty levels, such as melodies with 
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chromatic tones. Brown (2001) also recommended that chromatic music be investigated 
more closely in relation to students’ sight-singing accuracy, comparing the two systems.  
Other Possible Confounding Factors 
Previous studies of sight-singing accuracy found some common background 
factors significantly related to student’s sight-singing accuracy. The most common 
factors were: piano learning experience, choir experience, years of private music lessons, 
and instrument experience. 
Piano Learning Experience 
It is interesting to find that piano learning experience is the most common 
confounding variable among the studies (Brown, 2001; Demorest & May, 1995; Henry & 
Demorest, 1994) designed to exam the effectiveness of the fixed-do and the movable-do 
systems on sight-singing accuracy. The results from Henry and Demorest (1994) indicate 
that there was a significant difference in sight-singing accuracy related to years of piano 
learning. Demorest and May (1995) also found that the number of years of piano lessons 
was one of the strong predictors of individual success in sight-singing achievement. The 
results from Brown (2001) found students who play piano have significantly higher sight-
singing accuracy. Many other studies found similar results that piano experience was 
significantly related to sight-singing accuracy  (Daniel, 1986; Harrison, 1996; Killian & 
Henry, 2005; McClung, 2001; Scott, 1996; Tucker, 1969; White, 2009). Harrison (1996) 
also discovered that the number of year in piano learning experience was the best 
predictor for students’ sight-singing accuracy. McClung (2001) found playing piano was 
a factor to increase sight-singing proficiency. Daniel (1986) found students who reported 
having a piano at home had significantly higher sight-singing accuracy. Tucker (1969) 
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also found students’ sight-singing accuracy could be predicted by the years of playing 
piano. 
Choir Experience 
Numerous studies indicate that choir experience is a factor on sight-singing 
accuracy (Daniel, 1986; Demorest & May, 1995; Killian & Henry, 2005; Scott, 1996). 
The results from Demorest and May (1995) indicate that the number of years of school 
choir experience was the strongest predictor. Students who have more years of school 
music experience have significantly higher sight-singing ability scores. Killian and Henry 
(2005) found region/state choir experience was one of the characteristics that appeared 
among high scorers on sight-singing assessments. 
Experience With Private Music Lessons 
The results from Demorest and May (1995) also show that years of instrumental 
and vocal lessons are strong predictors of individual success in sight-singing. The results 
from Killian and Henry (2005) indicate that students who play an instrument had 
significantly higher sight-singing achievement. The results from Brown (2001) also 
indicate that the number of years of private music lessons has significant correlation with 
sight-singing accuracy. Numerous studies indicated that experience of playing an 
instrument is significantly related to sight-singing accuracy (Brown, 2001; Daniel, 1986; 
Demorest & May, 1995; Killian & Henry, 2005; Scott, 1996; White, 2009). 
Other Factors 
There are some other confounding factors found from these studies on sight-
singing achievement: the use of hand signs (Cassidy, 1993; Killian & Henry, 2005), 
membership in instrumental ensemble, (Killian & Henry, 2005), and having absolute 
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pitch (Brown, 2001). The results from Cassidy (1993) indicated that subjects who used 
hand signs had significant improvement in sight-singing pitch accuracy after six weeks of 
training. The results from Killian and Henry (2005) also indicated that students who used 
hand signs while sight-singing had significantly higher pitch accuracy. Killian and Henry 
(2005) also found that 48% of the high-accuracy sight-singers had experience in 
instrumental ensembles while only 28% of the medium-accuracy sight-singers and 22% 
of the low-accuracy sight-singers had experience in instrumental ensembles. The results 
from Brown (2001) indicated that students with absolute pitch ability scored significantly 
higher in sight-singing pitch accuracy. 
Assessment Procedures, Music Passages, and Scoring Systems 
  The procedure of assessing sight-singing accuracy is similar across studies (e.g., 
Antinone, 2000; Brown, 2001; Demorest & May, 1995; Demorest, 1998; Fine, Berry & 
Rosner, 2006; Henry & Demorest, 1994; Killian & Henry, 2005). In most of these studies 
(e.g., Antinone, 2000; Brown, 2001; Demorest & May, 1995), after showing participants 
the test melodic passages participants were given 30-seconds of preparation time. In 
addition, the key chord and the starting pitch were given before and after the 30-second 
preparation time (Antinone, 2000; Brown, 2001; Demorest & May, 1995; Henry & 
Demorest, 1994). In these studies, researchers audio-recorded participants’ sight-singing 
of the assigned melodic passages, and had one to three music students or educators to 
score the accuracy from the recordings. All these studies used human ear to detect and 
score the pitch accuracy  
Even though the procedure and scoring system were similar among the studies, 
the melodic passages used as assessments were varying in sources, styles, and levels of 
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difficulty. Brown’s (2001) test passages were designed and examined by two music-
theory professors. Antinone (2000) picked the passages from existing sight-singing 
assessments. Henry and Demorest (1994), and Demorest and May (1995) constructed the 
melodic passages based on existing sight-singing assessments. The difficulty levels of the 
melodic passages from these studies were also varying. The test melodic passages ranged 
from fairly simple diatonic and chromatic complexity (Antinone, 2001; Demorest & 
May, 1995; Henry & Demorest, 1994) to difficult––with complicated key signature, 
chromatic tones added massively, and even atonal passages included (Brown, 2001). A 
detailed discussion of the musical passages, procedures, and scoring system used in each 
study is provided next. 
Passages, Procedure, and Scoring System in Each Study 
Henry and Demorest (1994) used only one melodic passage to test their 
participants’ sight-singing accuracy. The passage, adapted from Ottman’s Music for 
Sight-Singing (1967), was in F major (one flat in the key signature), four-four time, four 
measures, with the range within an interval of a sixth (from E4 to C5). There were some 
notes with half of a count, and a dotted rhythm involved. No chromatic tones were 
included in the test passage. The intervals between adjacent notes included: the first (the 
same note repeated again), second, third, and fourth. 
After recording the sight-singing from each participant, the score for accuracy 
was determined by two independent evaluators. However, there was no further 
description provided about the two independent evaluators or how they determined pitch 
and rhythm accuracy. Henry and Demorest (1994) stated that 15-points was the perfect 
score because there were 15 notes in the passage. One half point was deducted for each 
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pitch and rhythm error, one point was deducted if the participant changed the tempo, and 
two points were deducted for starting over again. 
In Demorest and May’s study (1995), two melodic passages were adapted from 
Ottman’s Music for Sight Singing (1967). Since this study was conducted to address the 
new questions and the future recommendations suggested by the previous study (Henry & 
Demorest, 1994), Demorest and May (1995) chose the same music passage from Henry 
and Demorest (1994) as a first passage and added a second similar passage with a 
chromatic tone. Both passages were in the key of F major (one flat in the key signature) 
with four measures, four-four time, range within an interval of sixth (from E4 to C5), and 
similar levels of rhythmic difficulty. The first passage maintained F major with no 
chromatic tones; the second passage included one chromatic tone indicated by an 
accidental––B Natural. Both melodic passages had notes with one, two, and half counts, 
and dotted rhythm. The intervals between adjacent notes in both passages included: the 
first (the same note repeated again), second, third, and fourth. 
During the procedure in Demorest and May (1995), the key chord and the starting 
pitch were given before and after the 30-second preparation time. Participants sight-sang 
the two melodic passages and were audio-recorded. Each participant sight-sang the 
passages using the system in which they were trained––either movable-do or fixed-do. 
After recording the sight-singing from each participant, the accuracy score was 
determined by two independent evaluators. As in the previous study from Henry and 
Demorest (1994), no further description was provided about the two independent 
evaluators or how they determined pitch accuracy. The scoring system was also the same 
as Henry and Demorest (1994): 15-points was the perfect score in their study, one half 
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point was deducted for each pitch and rhythm error, and two points were deducted for 
starting over again. 
In the study from Antinone (2000), the melodic passages were selected from 
William Appleby’s Sight at Sight test (1960). All the melodic passages were either in the 
key of C major (no sharps or flats in the key signature) or F major (one flat in the key 
signature), four-four time, four measures, and the range of each passage was within an 
interval of fifth. All the notes were either one count or two counts. There was no dotted 
rhythm involved, or any chromatic tones, and all the notes were moved in an interval of 
second, or moved to the same note.  
Using the same procedure as Demorest and May (1995), Antinone (2000) also 
provided the key chord and the starting pitch before and after the 30-second preparation 
time. Participants sight-sang the melodic passages and were audio-recorded. Each 
participant sight-sang the passages using the system in which they were trained––either 
movable-do or fixed-do. Two music educators served as judges in the study (Antinone, 
2000) scoring from the audio recording. Little information was given about the 
background of the judges or how they determined the pitch accuracy. Antinone (2000) 
stated that 13 errors were the maximum for each exam. Each note was scored. Students 
were credited if singing individual intervals correctly even if the tonality was changed. 
In Brown’s study (2001) the assessment for sight-singing ability were 12 melodic 
passages under four composition categories: diatonic, modulatory, chromatics, and 
atonal. In each category, there were three levels of complexity: simple, moderate, and 
difficult. The level of complexity was determined by the combination of various factors 
(key signature, accidentals, intervals, direction change, and switch from major to minor 
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key or vice versa, etc.). Each passage had 20 notes with non-rhythm design. Brown 
(2001) stated that he designed his test passages without rhythm to reduce possible 
confounding variables. All twelve passages were designed by Dr. Harold Owen, 
Professor Emeritus in music composition at the University of Oregon. The designed 
passages were sent to Dr. Robert Hurwitz, the music theory-professor at the University of 
Oregon, to examine and determine if the passages reflected the four compositional styles, 
and three levels of complexity. Brown (2001) stated that he decided to design new 
material for the study because some students might have heard or practiced existing 
sight-singing materials through out the years. 
All twelve melodic passages in Brown’s (2001) study were in the treble clef, with 
range of interval of 11th (from C4 to F5). Brown’s passages included various key 
signatures (from zero up to four sharps or flats in the key signatures), chromatic tones, 
and atonal passages. Rhythm, dynamics, tempo, and phrasing were omitted so that there 
would not be any additional confounding variables. The complexity levels progressed by 
increasing intervals between adjacent notes, the number of sharps or flats in the key 
signatures, the number of chromatic tones, number of direction changes, and the switch 
from major key to minor key or vice versa. Among the four categories of composition 
styles (diatonic, modulatory, chromatics, and atonal), each category had both major and 
minor keys (except the atonal passages due to lack of tonal center), and different numbers 
of accidentals to match the compositional styles. The number of accidentals was from 
zero to 20 in each passage. 
Similar to Demorest and May (1995) and Antinone (2000), Brown (2001) also 
provided 30-seconds for preparation time. Brown did not state how and if the starting 
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pitch was given. Participants sight-sang the melodic passages by using the system in 
which they were trained in the past––either the movable-do or fixed-do system. Two 
graduate music students in theory major at the University of Oregon scored the passages 
from the audio recording. Each passage was scored from zero to 20 according to the pitch 
accuracy. No further information was given of how the music students determined the 
pitch accuracy. 
Summary 
In the previous studies, conclusions were drawn regarding which sight-singing 
solfège system (fixed-do system or movable-do system) had a significant effect on sight-
singing performance based on the use of assessments consisting of sight-singing accuracy 
on short melodic passages (Antinone, 2000; Brown, 2001; Demorest & May, 1995; 
Henry & Demorest, 1994). The choice of melodic passage varied among the studies as 
did the method for determining accuracy in sight-singing. It is therefore essential to 
understand the effect of the choice of melodic passage and the assessment accuracy on 
the various study results. 
 Other than Brown’s (2001) study, most of the sight-singing melodic passages 
used for assessment were simple in music complexity (e.g., Antinone, 2000; Demorest & 
May, 1995; Henry & Demorest, 1994; Killian & Henry, 2005). The melodic passages 
from Antinone (2000), Demorest and May (1995), and Henry and Demorest (1994) had 
few or no level of either diatonic complexity or chromatic complexity. Given that music 
with mixed levels of diatonic and chromatic complexity has dominated Western music 
since the 19th century (Gauldin, 2004; Kopp, 2002; McCreless, 1983; Perttu, 2007; Smith, 
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1986), the test results from such over-simplified assessments may be difficult to transfer 
to real practice.  
Brown’s study (2001) is the only study thus far to include musical passages of 
various compositional styles and levels of complexity when investigating the relative 
effectiveness of the movable-do and fixed-do sight-singing systems. Brown customized 
his sight-singing assessments by music experts and the coverage of music style in his 
study (Brown, 2001) was fairly complete. Brown included compositional styles in four 
categories: diatonic, modulatory, chromatics, and atonal. In each category, there were 
three melodic passages with three levels of complexity increasing by multiple factors.  
Some of the studies (e.g., Antinone, 2000; Demorest & May, 1995) claimed that 
students that used the movable-do system had higher sight-singing performance, however 
this was measured by using only fairly simple passages as assessments. On the other 
hand, Brown (2001) found that students from the movable-do group had higher pitch 
accuracy in the chromatic category at a simple level of complexity, while students from 
the fixed-do group had higher label accuracy in the atonal category at a difficult level of 
complexity. As mentioned above, the difficulty levels in each category were more or less 
increased by the different combinations of various factors. It is hard to know which is the 
underlying factor—music category or difficulty level—causing the difference of sight-
singing accuracy between the two solfège systems. Therefore, more studies need to be 
conducted using assessments that are able to differentiate between the effects (such as: 
the number of sharps or flats in the key signature, and the amount of chromatic tones) 
while controlling the remaining factors (such as: interval, the change of major and minor 
keys) when investigating the effectiveness sight-singing methods. 
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 All of the sight-singing studies described above (e.g., Antinone, 2000; Brown, 
2001; Demorest & May, 1995; Henry & Demorest, 1994) used music students, educators, 
or independent evaluators to score the pitch accuracy of participants’ sight-singing. It is 
hard to know how accurate the judgments of these evaluators may have been (although 
inter-scorer reliability was often calculated). Even if these evaluators were highly 
sensitive to the pitch, it could be hard to detect with the human ear when some notes were 
sung slightly off pitch. Moreover, another difficulty of judging accuracy is to determine a 
consistent cut-off point for on-pitch and off-pitch tones. Stability of pitch accuracy has 
never been tested in previous studies. In addition, human ear judgment of pitch accuracy 
can be affected by the vowel color when fixed-do and movable-do participants use 
different vowels to sing the same notes. Therefore, a scoring system such as one using 
computer analysis to test pitch accuracy by frequency may resolve the problem of 
ambiguity in scoring pitch accuracy.  
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CHAPTER III 
METHODOLOGY 
This chapter describes the design of the study that was used to compare the sight-
singing pitch accuracy of college music major students in a Northern California urban 
area, who trained in the fixed-do and movable-do solfège systems, under various levels of 
diatonic and chromatic complexity. Each subsection provides a detailed description of the 
methodology of this study, including the (a) Research Questions, (b) Research Design, 
(c) Participants, (d) Procedure, (e) Instrumentation, (f) Data Analysis, and (g) 
Limitations.  
Research Questions 
The following research questions form the basis of study: 
1. How do students trained under fixed-do and movable-do systems differ in overall 
sight-singing pitch accuracy when singing passages contain various levels of 
diatonic and chromatic complexity? 
2. How do students trained under fixed-do and movable-do systems differ in sight-
singing pitch accuracy under various conditions of diatonic and chromatic 
complexity? The three sub-questions were:  
a. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the diatonic complexity is varied? 
b. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the chromatic complexity is varied? 
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c. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when both diatonic complexity and chromatic 
complexity are varied? 
All the research questions above were investigated controlling for the starting age 
of piano learning experience. 
Research Design 
This quantitative comparison study was designed as an ex post facto study. I 
recruited college music major students who had trained in either the fixed-do solfège 
system or the movable-do solfège system and who had piano learning experience before 
or starting at the age of 12. Participants’ pitch accuracy was examined when sight-singing 
music passages with various levels of diatonic and chromatic complexity. There were 
three independent variables (solfège system, diatonic complexity, and chromatic 
complexity), one dependent variable (pitch accuracy), and one control variable (piano 
learning experience) in this study. 
Independent Variables 
The first independent variable was the solfège system used by the participants 
during sight-singing. It was a nominal variable with two levels: fixed-do system and 
movable-do system. These two solfège systems are the most common sight-singing 
methods currently in use. I recruited participants who had previously trained in either the 
fixed-do system or the movable-do system, and compared their sight-singing abilities. 
Therefore, this independent variable was an assigned variable because it was a 
characteristic factor that participants “bring with them” (Huck, 2008, p. 310) to form the 
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comparison groups. All participants sight-sang the test passages using the solfège system 
under which they had trained. 
The other two independent variables were diatonic complexity and chromatic 
complexity. Participants sang music test passages designed to contain various levels of 
diatonic and chromatic complexity. Both diatonic and chromatic complexity were active 
variables because they were “determined within the investigation”, and “under the control 
of the researcher” (Huck, 2008, p. 311).  
Diatonic complexity was treated as an ordinal variable with three levels of 
difficulty based on the number of sharps or flats in the key signature: zero, medium, and 
high. In the zero level, there were no sharps or flats in the key signature. In the medium 
level, there were two sharps or flats in the key signature. In the high level, there were four 
sharps or flats in the key signature. Although there can be up to six sharps or flats in the 
key signature, key signatures with five or six sharps or flats are not commonly used 
(Ottman & Rogers, 2007, p. 41). Therefore, key signatures with four sharps or flats were 
considered to be a high level of complexity. 
Chromatic complexity was also treated as an ordinal variable with three levels of 
difficulty based on the number of chromatic tones included in the music passage. The 
levels of chromatic complexity were: zero, medium, and high. In each test passage, there 
were 12 music notes. The zero level test passages included no chromatic tones. The 
medium level test passages included three (out of 12 notes) chromatic tones: one for 
decorative reason (a non-harmonic note), and the other two for modulation. The high 
level test passages included six (out of 12 notes) chromatic tones for two modulations. 
Every chromatic tone was indicated by an accidental within the test passages. 
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One music passage was provided for each combination of diatonic and chromatic 
complexity level, resulting in a total of nine passages. An attempt was made to control 
the test passages for variables not related to diatonic and chromatic complexity by using 
identical passage rhythm, identical lengths of 12 musical notes, major keys only, and 
similar intervals between adjacent notes. 
Dependent Variable 
The dependent variable in this study was the sight-singing pitch accuracy. After 
each participant was recorded sight-singing all test passages, the pitch accuracy of each 
sung note was examined to determine the participant’s sight-singing pitch accuracy. Each 
sung note was analyzed and scored using a pitch accuracy scoring software computer 
program called PASS.  
Control Variable 
As discussed above, piano learning experience was the most common 
confounding factor mentioned in empirical sight-singing studies (Brown, 2001; Daniel, 
1986; Demorest, 1998; Demorest & May, 1995; Harrison, 1996; Henry, 2011; Henry & 
Demorest, 1994; Killian & Henry, 2005; McClung, 2001; Scott, 1996; Tucker, 1969; 
White, 2009). I attempted to reduce the effect of this confounding variable by controlling 
for participants’ piano learning experience.  
In this study, piano learning experience was control by only recruiting participants 
who had learned piano beginning at or before the age of 12. There are two main reasons 
for controlling piano experience by the starting age: First, numerous empirical studies 
have shown that early music education has strong impact on development of pitch 
sensibility and accuracy (Baharloo, Service, Risch, Gitschier & Freimer, 2000; Brown, 
  
84 
Sachs, Cammuso & Folstein, 2002; Chin, 2003; Knox, 1998; Miyazaki & Ogawa, 2006; 
Winstead, 2000). Many studies indicate that music learners have better pitch accuracy 
when they start music learning at age six or seven, or younger (Chin, 2003; Gregersen, 
Kowalsky, Kohn & Marvin, 2000; Takeuchi & Hulse, 1993; Winstead, 2000); while 
some other studies indicate that starting music learning at age eight, nine, 10, or 12 can 
also have a strong impact on pitch accuracy (Baharloo et al., 2000; Baharloo, 2001; 
Miyazaki & Ogawa, 2006). Second, sight-singing studies show that the number of years 
of piano experience has a strong impact on sight-singing pitch accuracy. Most college 
music students are approximately between the ages of 18 and 25. The students who start 
learning piano at an earlier age are therefore more likely to have more years of piano 
experience. 
Another reason to limit participants based on their piano learning experience is 
that pianists may be more sensitized to diatonic complexity than other types of musicians. 
As mentioned in Chapter One, on the piano keyboard, the number of sharps or flats in the 
key signature usually represents the number of black keys that need to be played within 
one octave (except the enharmonic notes). Therefore, piano players are required to make 
significant changes in muscle movement when playing sharps and flats. Many other 
instrumental musicians (such as those who play the clarinet, French horn, trumpet, or 
guitar) do not make large changes in muscle movement when playing music with various 
numbers of sharps or flats in the key signature. Therefore, the number of sharps or flats at 
the key signature (various levels of diatonic complexity) may have a more direct impact 
on people who have piano learning experience. Controlling for piano experience can help 
to reduce this possible confounding factor. 
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Participants 
This comparison study recruited 89 college music major students from the 
Northern California urban area who had trained either in the fixed-do or movable-do 
system, and who had piano learning experience before or beginning at age 12. A total of 
85 of the 89 participants produced usable data. Any individuals who had trained in both 
fixed-do and movable-do systems were excluded from this study. The study is necessarily 
ex post facto because students need years of learning and practice to master the sight-
singing solfège system. Participants with similar music backgrounds were selected. 
Fortunately, college music major students tend to have relatively uniform learning 
backgrounds, such as: constant exposure to a music environment since young age, long 
years of serious music learning, well-honed music reading skills, and years of sight-
singing training and practice.  
Participants were recruited from the Northern California urban area because of the 
relatively high density of college level music institutions, and also proximity to the 
researcher. At the time of this study, there were approximately nine hundred college 
music major students (including undergraduate and graduate students) enrolled in this 
Northern California urban area. One of the two largest college music schools in this area 
teaches the fixed-do system, and the other teaches the movable-do system. However, 
each of the college music schools where participants came from has similar audition 
requirements for admission and matriculation, offers the same kinds of degrees, and 
offers similar courses and requirements to complete the degrees. 
 Although there were 89 volunteers who participated the study, data from four 
volunteers could not be used because: two dropped out in the middle of sight-singing the 
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passages due to the difficulty level; one switched back and forth between the movable-do 
system and the number system (another sight-singing system which is not one of the 
solfège systems examined in this study); and one failed to be recorded due to the 
equipment problems. Therefore, 85 volunteers were used as participants in this study—45 
fixed-do participants and 40 movable-do participants. No selection was made regarding 
gender, ethnicity or age, however, demographic information including gender, age, 
ethnicity and level of music training, however, this information was gathered when 
conducting the study.  
 All participants were either undergraduate or graduate music major students 
majoring in piano, string instrument, woodwind, brass, percussion, composition, voice, 
guitar, and other world music instruments. Among the 85 participants, 39 participants  
were from School One, 14 from School Two, 28 from School Three, and 4 participants 
were visiting from other schools and happened to be using the practice room of School 
Three at the time of the study. The 85 participants consisted of 41 males and 44 females. 
There were 26 graduate students and 59 undergraduate students. Participants ranged in 
age from 18 to 45 years. Because more graduate students participated the study than 
expected, the age range was wider than expected. There were 41 Asian, 28 Caucasian, 6 
Hispanic, 2 Pacific Islander, 1 African-American, with the remaining 7 participants 
categorized as “Other”. 
Protection of Human Subjects 
  The study was conducted after receiving permission from The University of San 
Francisco Institutional Review Board for the Protection of Human Subjects (IRBPHS), as 
well as from the three schools where the study was conducted. IRBPHS approvals were 
  
87 
given to the initial application and a subsequent modification. The modification was 
submitted while waiting for the approval for the initial application. See Appendix A and 
Appendix B. The initial application was for recruiting participants and conducting the 
study at School One. A permission letter was obtained from School One (Appendix C). 
After the initial application, the modification application was submitted for two changes: 
(a) A five-dollar gift card from the school bookstore or local store would be given to each 
participant to reimbursements his/her time and effort of participating the study. The 
incentive was to ensure a sufficient number of participants in the study. (b) Participants 
would be recruited from two additional music schools, School Two and School Three. 
Permission letters were also obtained from these two schools. See Appendix D and 
Appendix E. 
Permission for participation and for audio recording was obtained from each 
participant before conducting the study. All participants obtained and signed the 
Informed Consent Form to (See Appendix F) to inform clearly regarding the purpose, 
research design, instrumentation, confidentiality, possible discomforts, and 
reimbursement of the study. No personally identifiable information was collected that 
would link participants to the collected data or the study results. All audio recordings as 
well as demographic data were identified by a code that could not be used to identify a 
participant. There were no physical risks associated with this study, and any emotional 
discomfort was strictly minimized. There were no financial costs for participating the 
study. A small amount of time (less than 10 minutes) and effort were the only costs to 
participants. All human rights of the participants were protected according to current 
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standard procedures. All participants were volunteers, and free to decline from this study 
at any point.  
Procedure 
The procedure for this study is described in two parts: Recruitment of Participants 
and Sight-Singing Test. It took around one month from the first day of advertisement of 
recruitment to finish collecting all data. 
The first step to conduct this study was to recruit participants trained either with 
the fixed-do or movable-do system. Participants were limited to those who had piano 
learning experience before or starting at age 12. After the recruitment, each participant 
sight-sang nine music passages with varying levels of diatonic and chromatic complexity. 
The data were collected at a location (e.g., school office, music practice room) and at a 
time (e.g., lunch hour) that was convenient for both the participant and researcher. To 
reimburse participants’ time to participate in the test and their effort to travel to the 
location in the school building, a five-dollar gift card from the school bookstore or a local 
store was given to each participant in the place where the test was conducted. This 
incentive seemed quite attractive to the students and helped ensure a sufficient number of 
participants in the study. 
To gather the demographic information, each participant was asked to complete a 
demographic survey (See Appendix G) before they started to sight-sing passages. To 
protect the privacy of participants, the surveys were coded, but not identified by 
participant name. 
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Recruitment of Participants 
To recruit the qualified participants for the study, I posted the recruitment flyers, 
sent out emails, and visited Music Theory, Music History, Musicianship, and Ear-
Training classes of three college-level music schools in the Northern California urban 
area. The three major criteria of participants for this study were: (a) currently a college 
music major student, (b) have trained in either the fixed-do or movable-do solfège 
system, and (c) have had piano learning experience before or starting at age 12. No 
selection was made regarding gender, ethnicity, age, academic level, or primary 
instrument, but this information was gathered as demographic background in the study.  
The first step of recruitment was advertisement. I posted recruitment flyers (See 
Appendices H, I, and J for each school) at different noticeable spots and bulletin boards 
with permission from the department office. The recruitment flyers contained information 
of who, when, where, what and how the test would be conducted. A description of the 
study and reimbursement were also included in the flyers. All flyers were posted one to 
two weeks before the test was conducted in each school.  
To solicit participation from potential subjects with face-to-face requests, I visited 
classes that were requirements for music major students, such as: Music Theory, Music 
History, Musicianship, and Ear-Training classes. I also visited some elective classes, such 
as: Piano Ensemble, and Orchestration, to increase chances to meet more potential 
volunteers. All class visits were done after obtaining appropriate permission from class 
instructors. While visiting the classes, I passed out the flyer (the same flyer as the one 
posted on their bulletin board), made a short announcement (around five to 10 minutes) 
describing the study, and provided information about how to participate the study. I also 
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answered questions from students who were interested in the study. I visited all classes at 
School Two and School Three myself. At School One, announcements were done by the 
class instructors because there was one professor who volunteered to help for the study 
and informed all instructors of Ear-Training class to make the announcement. One school 
official of School Two volunteered to send out the flyer (the same flyer as the one posted 
on their bulletin board; See Appendix I) to their entire email list for music major students. 
All class visits were done a few days before the data was collected, or on the same day. 
After all the advertisement for recruitment, 89 volunteers came to the study either 
by scheduled appointment or just by dropping-in (most of the volunteers dropped in). 
Approximately, half of the volunteers came to the study because of the advertisement. 
The other half of the volunteers were from "snowball samples” (Husk, 2008, p. 113). 
Snowball sampling was involved because after some subjects completed the study, they 
went out to recruit their friends who they thought might be interested. 
Sight-Singing Test 
After recruiting the participants, sight-singing tests were conducted in the office 
of a professor (for School One), and music practice rooms (for Schools Two and Three) 
during the day (e.g., 10 am to 3 pm). Some snacks (cookies, chocolates, and mini 
cupcakes) were provided on site. Sight-singing tests were conducted for two to four days 
at each school.  
During the sight-singing data collection, all volunteers were required to sign the 
Informed Consent Form (Appendix F) and fill out the Demographic Survey (Appendix 
G). The demographic survey contained 10 questions related to age, academic level, 
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gender, ethnicity, primary instrument(s) played, years of music training, years of piano 
experience, years of choir experience, and years of solfège practice, etc.  
After signing the informed consent form and filling out the demographic survey, 
each participant sight-sang nine music passages. It took roughly three to 10 minutes for 
each participant to finish sight-singing the nine music passages. The range of the time 
used for sight-singing was wide due to the multiple attempts from some participants. 
Each music test passage was printed individually on a card with A5 size (half of A4 size). 
Each card was handed to the participants one by one according to the number of the 
passage. For each passage, similar to the procedures in other current empirical sight-
singing studies (e.g., Antinone, 2000; Brown, 2001; Demorest & May, 1995), 30 seconds 
were given for preparation before sight-singing the passage. However, many participants 
did not use the preparation time at all. Key chord and starting note were given before the 
30-second preparation period and again before sight-singing. A moderately slow speed—
Andante8—was recommended during sight-singing. Each participant could choose a 
comfortable speed as long as he or she remained consistent.  
Because acoustic instruments can get out-of-tune for multiple reasons (e.g., 
temperature, humidity, etc.), to reduce the bias of the “in-tune” situation of acoustic 
instruments, all key chords and starting notes were generated through the Finale NotePad 
2011 software on a MacBook Air laptop computer using the sound of a piano. All tests 
were audio-recorded by the MacBook Air laptop computer with an attached external 
microphone and audio recording software, RecordPad. Permission was given by each 
participant before any audio-recording. 
                                                
8 Andante is a music term to indicate a moderately slow speed to be played in a passage 
or piece. 
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Instrumentation 
There are three main subsections in this section: (a) Design of Music Passages, (b) 
Pitch Accuracy Scoring System and (c) Reliability and Validity. The following 
paragraphs provide a detailed description of the design of the music passages that were 
used to assess sight-singing pitch accuracy, the pitch accuracy scoring system, and the 
reliability and validity in this study. 
Design of Music Passages 
Nine music passages (shown in Appendix K) were used to assess subjects’ sight-
singing pitch accuracy. All music passages were designed by the researcher with 
consultation, review and adjustment by music theory professor David Garner, with 15 
years of experience as chairperson of the Department of Music Theory and Musicianship 
at the San Francisco Conservatory of Music. The nine music passages were custom 
designed for this study and were not taken from published sight-singing resources for 
three reasons. First, there was a possibility that music students had seen and practiced 
some published sources, thus, they would not be actually sight-singing if they had seen 
the music passages before. Second, because the study aimed to investigate sight-singing 
pitch accuracy with specific levels of diatonic and chromatic complexity, and those 
complexity levels should progress steadily and uniformly, the music passages needed to 
be designed to meet these specific criteria. Finally, confounding variables, such as 
rhythm, range and intervals, should be controlled for which would be difficult to do if 
using published music passages. A detail description of the design of the test passages is 
provided in paragraphs below. 
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All music passages were designed to address the research questions. The passages 
vary in the degree of diatonic and chromatic complexity using three levels of diatonic 
complexity and three levels of chromatic complexity. The detailed discussion of choices 
of the three levels of diatonic complexity and the three levels of chromatic complexity is 
shown in the Independent Variables subsection above. The nine test passages cover all 
the combinations of the levels of diatonic and chromatic complexity. Table 3 below 
demonstrates how mixed levels of diatonic and chromatic complexity are presented in the 
nine passages.  
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Table 3  
Complexity Levels of Nine Test Passages 
 
Passage 
 
Diatonic Complexity 
 
Chromatic Complexity 
1 zero zero 
2 medium  zero 
3 high  zero 
4 zero medium  
5 medium medium 
6 high medium 
7 zero high 
8 medium high 
9 high high 
 
Note. Diatonic complexity is achieved by varying the number of sharps of flats in the key 
signature: zero level––no sharps or flats, medium level––two sharps or flat, and high level––four 
sharps or flats in the key signature.  
Chromatic complexity is achieved by varying the number of chromatic tones included in each 
music passage: zero level–no chromatic tones, medium level–three chromatic tones (out of 12 
notes), and high level–six chromatic tones (out of 12 notes). 
 
 
Music Passages and Research Questions 
The nine test passages have different combinations of diatonic and chromatic 
complexity to address the research questions. Total combined pitch accuracy results from 
the nine passages were compared between the two solfège groups to answer the first 
research question: How do students trained under fixed-do and movable-do systems 
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differ in overall sight-singing pitch accuracy when singing passages contain various 
levels of diatonic and chromatic complexity? 
The scores for the passages were also compared in sub-groups to answer the 
second research question (How do students trained under fixed-do and movable-do 
systems differ in sight-singing pitch accuracy under various conditions of diatonic and 
chromatic complexity?). As shown in Table 3, for example, Passages 1, 2, and 3 have the 
same level of chromatic complexity (zero), but with three levels (zero, medium, and high) 
of diatonic complexity. Passages 4, 5, 6, and Passages 7, 8, 9 also have the same level of 
chromatic complexity, but with three levels of diatonic complexity. Passages can also be 
seen from another aspect. Passages 1, 4, 7, have the same level of diatonic complexity 
(zero), but with three levels (zero, medium, and high) of chromatic complexity, so do 
Passages 2, 5, 8, and Passages 3, 6, 9.  
Reduction of Confounding Factors 
To reduce confounding factors, each test passage contains the same number of 
notes, same time signature, same simple rhythm, major key, similar intervals between 
notes, similar pitch range, and also follows the rules of counterpoint. 
There are 12 music notes in each passage presenting in four measures in four-four 
time9. Twelve notes allow each test passage to easily include three levels of chromatic 
complexity without tiring the participants. The rhythm in each passage is simple and 
identical. Within the 12 notes in each passage, 10 are quarter notes, and the remaining 
two are in half notes. The majority of the notes are quarter notes in order to keep the 
                                                
9 In four-four time, there are four counts in each measure, and each quarter note gets one 
count. 
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rhythm as simple as possible (quarter note gets one count in four-four time). The use of 
the two half notes (half note gets two counts in four-four time) located at the second 
measure and the fourth measure is to allow participants to breathe comfortably when 
sight-singing.  
The entire range of the nine passages is from B3 flat to D510. This range is 
selected to allow a comfortable range of singing. In each of the nine passages, the pitch 
range is in intervals of the fifth to seventh. There are two main reasons to control within 
octave (interval of the eighth): First, these passages are designed to test participants’ 
sight-singing accuracy, not singing ability. By keeping the range narrow, sight-singers do 
not need to be concerned with reaching the high or low notes, which may challenge their 
singing abilities. Second, it facilitates elimination of the harmonics (discussed in Pitch 
Accuracy Scoring System sub-section below) when analyzing the pitch accuracy.  
Interval (the distance in pitch between two notes) can vary the difficulty level of 
sight-singing passages. In general, greater intervals cause higher levels of the difficulty 
(Benjamin, Horvit & Nelson, 2005; Berkowitz, Fontrier & Kraft, 1976). To eliminate 
interval as a confounding factor, except for the passages that represent the high level of 
chromatic complexity, each test passage contains one interval fifth, one fourth, and the 
remaining, thirds and seconds. The only difference between the three high-level 
chromatic passages and the other six passages, with regard to interval selection, is that the 
                                                
10 B3 flat is the 3rd B flat counting from the lowest one on the piano, and it is two 
semitones below middle C; D5 is the 5th D counting from the lowest one on the piano. 
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diminished fifth11 is used instead of the fourth. Diminished fifth is an interval only one 
semitone different (greater) than the fourth interval used in other passages. It is used 
commonly in highly chromatic music. In addition, the use of the diminished fifth in the 
high-level chromatic passages in this study was designed to create the cadence12 for 
modulation. More details of the use of the diminished fifth are provided in the Definition 
of Terms section in Chapter One.  
After controlling all the confounding factors as described above, some of the 
passages became highly similar. If the passages were too similar, they could have become 
too predictable to test participants’ sight-singing abilities. To eliminate the expectation 
for sight-singers and to reduce the similarity between passages, some passages (Passages 
1, 3, 4, 5, 6, 8) were designed to start at the tonic, keynote, and some (Passages 2, 7, 9) 
were not.  
All nine music passages were in major keys. Even though music with diatonic and 
chromatic complexity can be written in both major keys and minor keys, minor keys were 
excluded in this study due to the following complications: First, the movable-do system 
has two sub-systems to sight-sing music in minor keys, which are la-minor system and 
do-tonic system (Houlahan & Tacka, 1992; Larson, 1993; Smith, 1991). There is still a 
debate among movable-do proponents as to which sub-system should be applied 
                                                
11 Diminished fifth, also known as tritone or augmented fourth (in equal temperament), is 
an interval with six semitones, one semitone less than perfect fifth, and one semitone 
greater than perfect fourth (Sadie, 2001; Slonimsky, 1997). 
12 Cadence is a melodic or harmonic configuration to create the sense of central pitch in 
tonal music which gives music phrases a distinctive ending (Randel, 2003). 
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(Houlahan & Tacka, 1990; Houlahan & Tacka, 1992; Larson, 1993; Smith, 1991, 1992). 
The result is that the movable-do participants may apply different systems when singing 
music in a minor key. Second, the leading tone13 in a minor key is presented as an 
accidental. It is still a point of disagreement among music researchers and educators as to 
whether the minor key leading tone should be considered as a diatonic tone or chromatic 
tone (Latham, 2002; Piston & Devoto, 1987; Randel: 2003; Sadie, 2001; Winter, 1992). 
Test passages would therefore be difficult to classify using minor key. 
Pitch Accuracy Scoring System 
Notes sung by a human voice are never sung on a pure frequency. There will, in 
general, be a range of frequencies present in each sung note. In addition, as with any 
acoustic instrument, there will be a series of harmonics 14 (also known as overtones) at 
integral multiples of the base frequency, or fundamental (Latham, 2002; Randel, 2003; 
Slonimsky, 1997). In general, the fundamental for the male voice will be one octave 
lower than that of the female voice when singing the same note. A4 (440Hz) sung by a 
female will present a fundamental at 440Hz and a series of harmonics at 880Hz, 1320 Hz 
1760 Hz, etc. The male voice singing the same note will present a fundamental at 220Hz 
and a series of harmonics at 440Hz, 660Hz, 880 Hz, etc. Figure 2 below demonstrates a 
comparison of two waveforms of the note A4 (440Hz). The first is a pure, computer- 
generated tone, the second is sung by a female individual.  
                                                
13 Leading tone is the seventh degree of the scale, and a semitone below the tonic—
keynote (Randel, 2003). 
14 Harmonics are a series of overtones came from the “simultaneous setting up of several 
modes of vibration” produce richer sounds (Latham, 2002, p. 7). 
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Figure 2. Waveforms from a pure computer generated tone (top) and a sung note (bottom). The 
sung note is spread over as range of frequencies and contains a series of harmonics. 
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 The correct frequency of each note was determined using the equal temperament15 
tuning system. Equal temperament is a tuning system whereby the octave is divided into 
12 equal semitones (Latham, 2002. P.427). Although there are various tuning systems, 
equal temperament tuning system is widely regarded as the standard of Western 
temperament (Sadie, 2001, Vol. 25, p. 248), especially for the chromatic scale (Latham, 
2002, p. 427).  The “on-pitch” range of frequencies for a given note were defined to be 
frequencies within a range of width one semitone centered on the note using equal 
temperament. For example, if the passage specifies an A4 (440Hz), tones sung in the 
range 427Hz to 453Hz (one-half semi-tone below A4 to one-half semi-tone above A4 
using the equal temperament system) were considered on pitch. The “on-pitch” range for 
a given note was altered one octave lower when a fundamental was detected in that range, 
which was typically the case for a male voice, or for a female who sang one octave lower 
when she had difficulty reaching a high note. For example, the on pitch range for A4 note 
given above would be altered to 214 Hz to 227 Hz when a fundamental is detected in that 
range. The on-pitch frequency ranges, for both male and female voices, for each note 
used in this study (B3 flat 233.08 Hz to D5 587.33 Hz) are shown in Table 4 below. 
 
 
 
 
                                                
15 A system of tuning that precisely divides the octave into 12 equal semitones (Latham, 
2003; Slonimsky, 1997). Equal temperament is widely regarded as the standard of 
Western temperament today (Sadie, 2001, Vol. 25, p. 248). 
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Table 4  
Frequency Chart in Hz from B3 flat to D5 
Note Name Frequency (Hz) Range Min. Range Max. 
A#3/Bb3 233.08 226.44 239.91 
B3 246.94 239.91 254.18 
C4 261.63 254.18 269.30 
C#4/Db4 277.18 269.30 285.30 
D4 293.66 285.30 302.27 
D#4/Eb4 311.13 302.27 320.25 
E4 329.63 320.25 339.29 
F4 349.23 339.29 359.46 
F#4/Gb4 369.99 359.46 380.84 
G4 392.00 380.84 403.48 
G#4/Ab4 415.30 403.48 427.47 
A4 440.00 427.47 452.89 
A#4/Bb4 466.16 452.89 479.82 
B4 493.88 479.82 508.35 
C5 523.25 508.35 538.59 
C#5/Db5 554.37 538.59 570.61 
D5 587.33 570.61 604.54 
 
Note. All frequencies listed above are determined using the equation: f = 2n/12 x 440 Hz which 
defines the equal temperament tuning system.  
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After each participant sight-sang all nine test passages, the pitch accuracy of each 
music note was examined. Each note sight-sung by the participant was scored on a scale 
of 0-100 using a pitch accuracy scoring software (PASS) computer program custom 
written by Dr. David Caditz, a Stanford Ph.D, physicist, for this study. The PASS 
software source code provided in Appendix L. This software program analyzed the 
recorded audio waveform and compared each recorded note with a reference pitch for the 
same note in the test passage. The score for each sung note was determined by the 
amount of power spectral density (PSD) within the frequency range for that note. The 
PSD is a measurement of the amount of audio power produced as a function of frequency 
(Norton & Karczub, 2003; Stoica & Moses, 1997). More detailed description of PSD is 
provided later in this section. A score of 100 points was given when all of the PSD audio 
energy was contained within the on-pitch range. A score of zero was given when the PSD 
audio energy fell completely outside the on-pitch range. Intermediate values were given 
when PSD audio energy fell partially within the on-pitch range. The score for the entire 
test passage was taken as the average of the scores for each individual note. The pitch 
accuracy measurement system was designed in consultation with two Stanford University 
Ph.D.’s, physicist Dr. David Caditz, and audio engineer Dr. Guillermo Garcia. Dr. David 
Caditz also programed the PASS software for this study. 
Two-Step System 
Each participant was recorded sight-singing each of the nine test passages using a 
MacBook Air laptop computer with an external microphone. The raw audio files were 
supposed to be imported into PASS directly before any editing. However, due to various 
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unexpected variations in participants’ performances, the raw files needed to be separated 
note by note manually by the researcher before importing into PASS.  
The leading edge of each note was supposed to be detected and split into 12 
separate waveforms each containing a single note by PASS. Due to the variations of 
participants singing performance, the computer system PASS could not reliably detected 
and split each sung note. Variations in participants’ singing performance included: (a) 
some participants blended adjacent notes too tightly and PASS could not detect them as 
separate notes, (b) some participant repeated some notes in the middle of singing the 
passages, (c) some participants started over after singing several notes (d) some 
participants stopped in the middle of singing the passages and laughed, talked or 
mumbled. From the conditions listed above, PASS had difficulty to run some of the data, 
that is, know which sung notes were the repeated and which sound made by the 
participants was not a part of sight-singing. Thus, the researcher had to listen to every 
recording, separate each note by adding .5 sec of silence, and delete the repeated notes 
and sounds that were not a part of sight-singing, such as: coughing, talking, mumbling, 
clearing the throat, giggling, and laughing. All audio files were edited using WavePad 
Sound Editor Master’s Edition software. 
To reduce the any possible random error of detecting sung notes, a silence was 
inserted in between each sung notes. After all the sung notes were separated manually, 
the data were imported into PASS, which performed the following two steps on each 
recorded test passage:  
Step 1 – Power Spectral Density for Each Note. The power spectral density (PSD) 
was calculated for each note. The PSD is a measurement of the amount of audio power 
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produced as a function of frequency (Norton & Karczub, 2003; Stoica & Moses, 1997). 
For example, the PSD for a perfect A4 pitch would have a peak at 440 Hz and be zero at 
all other frequencies. In general, a sung note will be spread over a range of frequencies 
and will include harmonics at integral multiples of the sung pitch. Figure 3 below shows 
PSDs for the waveforms of Figure 2 and demonstrates the difference between a perfect 
A4 generated by computer, and an A4 sung note by a female individual. 
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Figure 3. PSDs of a pure computer generated tone (top) and a sung note (bottom). The top PSD 
clearly shows the audio energy spike at 440 Hz. In the sung note A4––440 Hz, the energy is 
spread over a wider range of frequencies compared to the computer-generated pure tone. 
(Harmonics for the sung note begin at 880 Hz and are not shown.) 
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Step 2 – Access and Score Pitch Accuracy. To determine the pitch accuracy, 
PASS summed the amount of PSD audio energy within the on-pitch frequency range for 
the corresponding reference frequency (see Table 4 above). Because different participants 
could sing at different volumes, each result was normalized to the amount of energy 
within the octave centered on the reference frequency. In other words, the pitch accuracy 
was given by the ratio of the audio energy within a semitone range centered on the 
reference frequency to the amount of audio energy within an octave centered on the 
reference frequency. Normalizing to an octave also served to eliminate harmonics, 
background noise and other irrelevant sounds that could skew the results. As an example, 
if the passage, sung by a female participant, specifies an A4 (440Hz), PASS summed the 
recorded energy in the range 427.47 Hz to 452.89 Hz (one semitone centered on A4) and 
divided it by the energy in the range 311 Hz to 622 Hz (one octave centered on A4). The 
resulting ratio, multiplied by 100, was the score for that note. The score for the passage 
was then the average of the individual note scores. Therefore, the score of each passage 
would be 0-100, with zero meaning 0% pitch accuracy for the passage, and 100 meaning 
100% pitch accuracy for the passage. Figure 4 below demonstrates scoring of a note A4 
sung by a female individual: 
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Figure 4. The Note A4 Sung Sharp. This Power Spectral Density indicates the note A4 sung 
sharp by an individual. The two straight vertical black lines indicate the on-pitch frequency range 
(427.24 Hz to 452.89 Hz). As shown in this figure, only 10.6% of the energy of this sung note is 
located within the on-pitch frequency range. Therefore, this sung note is scored 10.6. 
 
Scoring Rules of Multiple Attempts 
One of the issues during the sight-singing test procedure was that numerous 
participants used multiple attempts to finish sight-singing the passages. The three most 
common ways that participants used multiple attempts were starting over, backtracking, 
and repeating notes. I describe here how these three common types of multiple attempts 
were defined in this study. Starting over was defined as when a participant stopped after 
singing more than one measure of the passage, then, started over from the beginning to 
sing the whole passage again. Backtracking was defined as when a participant stopped 
somewhere in the passage and went back one or more notes to find the pitch, then, 
continued finishing the passage. Repeating notes was defined as when a participant 
stopped sight-singing somewhere in the middle of the passage, and repeated the note 
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where he/she stopped without tracking back to previous notes, then, continued finishing 
the passage.  
Participants who used multiple attempts gained an unfair advantage compared to 
others who do not. To adjust the fairness in this study, any notes that were repeated were 
eliminated, and did not contribute to the score. Only the notes sung on the first attempt 
were counted. In addition, participants who either started over or backtracked received 
penalty deductions from their scores. This penalty compensates for the advantage 
obtained by backtracking or starting over.  
Starting Over. For any cases of staring over, a penalty of 16.67 (two divided by 
12 times 100) points—the value of two notes for a 12 note passage—was applied if the 
participant started over again. This penalty value is chosen to be consistent with previous 
studies (Demorest & May, 1995; Henry & Demorest, 1994), which deducted the value of 
two notes for starting over.  
Backtracking. For any cases of backtracking, a penalty of 8.33 (one divided by 12 
times 100) points—the value of one note for a 12-note passage—was applied if the 
participant backtracked. Many current empirical sight-singing studies (e.g., Antinone, 
2000; Brown, 2001; Holmes, 2009; Killian & May, 2005) did not mention how penalties 
were applied for backtracking. Some studies did deduct one full point (counted as one 
note wrong) for “a repeat note” (Demorest & May, 1995, p. 160; Henry & Demorest, 
1994, p. 6). However, no detail was provided of how the “repeat note” was different from 
starting over, backtracking or just simply repeating the same note. 
Repeating Notes. In this study, participants who repeated a note did not receive 
penalties (aside from elimination of the repeated note) because little advantage was 
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gained by the repetition of a single note. By repeating the same note without backtracking 
to previous notes or starting over, a participant did not have advantage of re-finding the 
correct pitch by tracking back to previous notes as reference pitch. As mentioned in the 
paragraph above, few studies mentioned any details on scoring repeating notes. 
Other Scoring Rules 
This study was designed to investigate participants’ sight-singing pitch accuracy, 
other accuracies (such as: rhythm accuracy, tempo accuracy, interval accuracy, and label 
accuracy) were not considered for scoring. The score was not be affected for such 
conditions as: (a) if a note was sung longer or shorter than its value (rhythm accuracy) (b) 
if a note was sight-sung with an acceleration or deceleration in speed (tempo accuracy), 
and (c) if a note was sung in a wrong syllable (label accuracy). Because this study was 
not designed to detect interval accuracy either, each sung note was scored by the 
frequency individually. Unlike some past studies (Antinone, 2000; Brown, 2001), if a 
series of notes was sung off pitch, but maintained the correct relative intervals between 
the notes, no special credit was given. 
For a few participants, some passages were too high or low in pitch for their 
singing abilities. They were instructed to sing an octave higher or lower for such a 
condition. Ten passages out of 765 (There were 85 participants and each participant 
sight-sang 9 passages) were sung either an octave higher or lower. These were treated as 
special cases with the computer scoring system. Their pitch accuracies were graded 
according to the frequencies of the notes in the octave that they chose. 
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Validity and Reliability 
When using any type of assessment, one must be concerned with issues of 
validity. Invalidity arises when there is another factor affecting the test results, called 
nonrandom error (Carmines & Zeller, 1979, p. 15). To reduce the nonrandom error 
caused by the confounding factors, all music passages have been designed using the same 
number of notes, same time signature, same fairly simple rhythm, major key, similar 
intervals and range, and similar difficulties within levels. Although all of the test music 
passages were designed by the researcher, to increase the content validity and criterion-
related validity, all test passages have been written with consultation, reviewed and 
adjusted for the use of category, fairness of the difficulty levels, suitability for college 
music major students by music expert, Professor David Garner. Prof. Garner is an 
American composer and music theory professor, with 33 years of teaching experience, 
and 15 years of department head at the Department of Music Theory and Musicianship at 
the San Francisco Conservatory of Music. 
To address issues of internal consistency of reliability (Carmines & Zeller, 1979), 
this study adopted a computer-based audio analysis tool called PASS. This scoring 
system has the benefit of giving intermediate scores for notes sung slightly off-pitch or 
for notes sung off-pitch and corrected to the true pitch while singing. For example, if a 
note is sung off-pitch, but correct halfway through, it will receive a half score. In 
addition, the scoring system gave all notes equal weight irrespective of their length 
(quarter note, half note, etc.) or their volume. Also, because it filtered out harmonics, it 
fairly compared different voice colors. Finally, this system completely eliminated random 
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errors or systematic bias and inconsistency that might be introduced through human 
judgment of pitch accuracy.  
PASS Validation and Inter-Rater Reliability  
Because PASS was custom written for this study, it was validated to ensure that 
the system accurately assessed the recorded passages. Recorded samples of the test 
passages were compared using PASS and two volunteer experienced evaluators. 
Recorded samples were all passages sight-sung from four participants (two randomly 
selected from the fixed-do system and two from the movable-do system). The volunteer 
evaluators were two doctoral music students, one from Frost School of Music, University 
of Miami, and the other from College of Music, University of North Texas. Both of the 
two evaluators were reported to have absolute pitch. A total of 36 passages sung by the 
four participants (each participant sang nine passages) were sent to the evaluators for 
scoring. Raw audio files and grading sheets (See Appendix M) were sent to the 
evaluators through electronic mail. Both evaluators were instructed to score the 
percentage of the pitch accuracy of each note on a scale from 0 to 100, following the 
scoring rules of PASS as described in the Scoring System section above. Passage scores, 
taken as the average of the scores of the individual notes contained in each passage, were 
compared to the scores as determined by PASS.  
While computer and human evaluator scores are not expected to be exactly the 
same due to the limitations of the human ear and variations of evaluator judgment as 
discussed previously in this paper, there should be a correlation between the computer 
and human scores. Widely differing scores would indicate a possible problem and would 
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justify further investigation. Thus, to validate PASS, inter-rater reliability was calculated 
to determine the degree of consistency among the human evaluators and PASS.  
To calculate the inter-rater reliability, Pearson’s product-moment correlation 
coefficient was used to examine the correlations of the pitch accuracy scores graded by 
the two evaluators and PASS. Pearson’s r indicates a “percent-agreement measure” for 
quantifying inter-rater reliability among the raters (Husk, 2008, p. 81-82). The 
correlations (Pearson’s r) were calculated by comparing the scores of each pair of raters 
(raters include human evaluators and PASS) at the .01 significance level (two-tailed). The 
results of the correlations were as follows: Evaluator 1 with PASS: r (34) = .879, p < 
.001; Evaluator 2 with PASS: r (34) = .884, p < .001; Evaluator 1 with Evaluator 2: r (34) 
= .949, p < .001; The average of the two evaluators with PASS: r (34) = .893, p < .001. 
The results indicate that all correlations were very high with a range of .88 to .95.    
Figure 5 below shows the strong correlation between the average of the two evaluators’ 
scores and PASS scores. The inter-rater reliability was found to be highly consistent; 
therefore, PASS is a valid scoring system. 
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Figure 5. Correlation between human evaluators and PASS. Diamonds indicate the 36 passages 
sight-sung by four participants randomly selected and scored by two human evaluators and PASS.  
 
Although the correlations were fairly high between the scores graded by the 
human evaluators and PASS, the differences of the scores graded between human and 
PASS ranged from approximately 10 to 20 points (See Figure 6 below). Since the PASS 
scored all sung notes by frequency, the differences indicated how inaccurate the human 
ear is at evaluating pitch accuracy. There was one particular passage (passage 21 shown 
in Figure 6 also shown as a outliner in Figure 5) which had a large difference—62.93—
between the average of two evaluators and and PASS. This passage was further 
investigated in detail by the researcher using GoldWave software to visualize the 
frequency spectrum of each note. After examining each sung note in this passage, I found 
that the greatest differences between the human ear and PASS were the notes sung with 
syllable “mi”. The sung frequencies were clearly sharp of the acceptable range, yet the 
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human evaluators scored them as on-pitch. This shows how the human ear can be 
affected by the “vowel color” as discussed above. In addition, several other notes were 
sung outside of the acceptable pitch range for a portion of the note duration and within 
range for the remaining portion. Human evaluators tended to give full credit for such 
notes while PASS gave partial credit depending on the ratio of on-pitch and off-pitch 
duration. Moreover, although the scores from two human evaluators were strongly 
correlated to PASS, the evaluators graded only 36 passages sung by participants. Since 
human evaluators can fatigue and become distracted while performing repetitive tasks, it 
is hard to know whether the standard would be consistent if they had to grade total of 765 
passages. Using the PASS system to score the pitch accuracy avoids these issues and 
adds strength for accurate scoring the data in this study.  
 
 
Figure 6. Scores of 36 passages sight-sung by four participants randomly selected and graded by 
two human evaluators and PASS.  
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Choice of Tuning System 
A tuning system is a system by which an octave is divided into individual notes. 
There are typically 12 notes per octave. Each tuning system specifies the note frequencies 
in a unique way which results in small frequency differences for the same notes. 
Different tuning systems have their own pros and cons, and were more or less popular in 
different historical periods. In this study, the equal temperament tuning system was 
chosen as a standard to measure the pitch accuracy. The acoustically pure tuning system, 
just intonation16 (Latham, 2002; Randel, 2003; Slonimsky, 1997), was not chosen in this 
study due to the limitations of the system itself. Just intonation is a tuning system based 
on the ratios of the natural harmonics (Latham, 2002, p. 642). It contains different sets of 
frequencies for notes in different keys. For example, the note A4 has a slightly different 
frequency in the C-Major key than in the G-Major key, or any other key in just intonation 
tuning system. Therefore, when the key changes in music, the frequencies of each note 
must therefore be adjusted. For this reason, complications arise when using just 
intonation with music that contains modulation or other forms of chromaticism. Since 
sight-singing was tested under conditions of modulation and other chromatic complexity 
in this study, equal temperament, regarded as the standard tuning of the Western 
chromatic scale (Latham, 2002, p. 427), suits better. In addition, there are only a few 
(sometimes less than one) Hz difference between the two tuning systems––just intonation 
and equal temperament––for the test passage notes used in this study. The on-pitch range 
                                                
16 Just Intonation: A tuning system based on the ratios of natural harmonics (Latham, 
2002). Such intervals are considered to be acoustically pure, but un-tempered except the 
octave itself (Randel, 2003; Slonimsky, 1997). 
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completely covers frequencies of a note in both the just intonation and equal 
temperament systems. 
Data Analysis 
This quantitative comparison study was designed as an ex post facto study. 
Analysis of Variance (ANOVA) statistical tests were used with fixed-effects design. 
There were two research questions in this study, thus two different types of ANOVA tests 
were conducted to answer the two questions. For the first research question, a one-way 
ANOVA was conducted; for the second research question, a three-way factorial ANOVA 
was conducted. 
Statistical Test for the First Research Question 
For the first research question (How do students trained under fixed-do and 
movable-do systems differ in overall sight-singing pitch accuracy when singing passages 
contain various levels of diatonic and chromatic complexity?), there was one independent 
variable and one dependent variable. The independent variable was the solfège system in 
two levels: fixed-do and movable-do. This was also considered an assigned factor (Husk, 
2008 p. 310) as solfège system was not controlled by the experiment. The dependent 
variable was the overall pitch accuracy. One-way ANOVA test was conducted to 
determine the pitch accuracy difference on the two means from the two groups.  
The F distribution was observed to find any statistically significant difference 
between the two group means. The hypothesis was non-directional because there was not 
enough empirical evidence to indicate which solfège system might be more effective for 
students’ pitch accuracy in sight-singing. 
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When conducting an ANOVA, the three assumptions made to test hypotheses 
were: (a) independency, (b) normality, and (c) homogeneity of variances (Huck, 2008; 
Shavelson, 1996). To meet the first assumption––independency, all participants were 
instructed not to share the test passages with others. Therefore, test results from each 
participant provided a unique piece of information about the effectiveness from the 
solfège system that he or she was trained in using. To meet the second assumption–
normality, it can be “examined empirically if the sizes of the two groups are about 15 or 
more” (Shavelson, 1996, p. 347). There were 45 and 40 participants in each group, more 
than the 15 required to test for normality. “The ANOVA is robust to violations of the 
assumption of normality for an independent variable with a fixed number of levels” (p. 
378). In this study, the independent variable, solfège system, had a fixed number of 
levels––two. Therefore, the normality assumption was met. For the third assumption—
homogeneity of variances, because the two groups had different numbers of participants 
(45 fixed-do participants; 40 movable-do participants), the Levene’s test of equality of 
error variances was conducted to examine the homogeneity of variances.  
After computing the sum of squares, the decision whether to reject the null 
hypothesis was made by comparing observed F to critical F. A statically significant 
observed F would indicate a significant difference in scores between the two solfège 
systems.  
Two types of effect sizes (Partial eta-squared and Cohen’s d) were used for this 
study: Partial eta-squared (ηp2) was used as for effect size to measure the strength of the 
solfège system effect;  Cohen’s d was used as for another type of effect size to measure 
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the statistically significant difference between the means (Cohen, 1998; Huck, 2008; 
Shavelson, 1996) of the two solfège systems. 
Statistical Test for the Second Research Question 
For the second research question (How do students trained under fixed-do and 
movable-do systems differ in sight-singing pitch accuracy under various conditions of 
diatonic and chromatic complexity?), there were three independent variables: solfège 
system (two levels), diatonic complexity (three levels), and chromatic complexity (three 
levels), and one dependent variable: pitch accuracy. A three-way ANOVA 2x(3x3) mixed 
design with repeated measures was conducted to answer the second research question. In 
other words, it was an ANOVA with one-between-subject factors and two within-subjects 
factors. The between-subjects factor was the solfège system with two levels: fixed-do 
system and movable-do system. The two within-subjects factors were diatonic and 
chromatic complexity, and each of them had three levels: zero, medium, and high. All 
between-subjects factor and within-subjects factors were independent variables. There 
was one dependent variable––pitch accuracy, scored on a scale of 0-100, as measured by 
PASS. The effect sizes were also measured by partial eta-squared (ηp2), and Cohen’s d. 
There were three sub-questions in the second research question. Different means 
were compared in each sub-question. For the first sub-question (How do students trained 
under fixed-do and movable-do systems differ in sight-singing pitch accuracy when the 
diatonic complexity is varied?), the two-way interaction effect between the solfège 
system and diatonic complexity was determined, and the results were compared under the 
two levels of solfège systems. 
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For the second sub-question (How do students trained under fixed-do and 
movable-do systems differ in sight-singing pitch accuracy when the chromatic 
complexity is varied?), the two-way interaction effect between the solfège system and 
chromatic complexity was determined, and the results were compared under the two 
levels of solfège systems. 
For the third sub-question (How do students trained under fixed-do and movable-
do systems differ in sight-singing pitch accuracy when both diatonic complexity and 
chromatic complexity are varied?), three-way interactions of solfège system, diatonic 
complexity, and chromatic complexity were determined, and the results were compared 
under the two levels of solfège systems.  
For a mixed-design three-way ANOVA with repeated measures, the assumptions 
that needed to be met were: independency, normality, homogeneity of covariance, 
homogeneity of variances, and sphericity. To meet the first assumption––independency, 
all participants were instructed not to share the test passages with others. For assumption 
of normality, the factorial ANOVA is not “sensitive to the violation of the assumption of 
normality” (Shavelson, 1996, p. 424), and also “the ANOVA is robust to violations of the 
assumption of normality for an independent variable with a fixed number of levels” (p. 
378). For assumption of homogeneity of covariance, Box’s Test of Equality of 
Covariance Matrices was conducted. For the assumption of homogeneity of variance, 
Levene’s Test of Equality of Error Variances was conducted. For the assumption of 
sphericity, Mauchly’s Test of Sphericity was conducted. 
Similar to the procedure in the one-way ANOVA design for the first research 
question, the F distribution was computed by sum of squares, degrees of the freedom, and 
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mean of squares. After computing the sum of squares, decisions whether or not to reject 
the null hypotheses were made by comparing observed Fs to critical Fs. If any of the 
observed F values were found to be statically significant, partial eta-squared would be 
computed to measure the strength of the effects. Cohen’s d would be conducted to find 
the statistically significant differences between the means of the two solfège systems on 
each level of diatonic complexity and chromatic complexity.  
There were more than two groups (18 groups–2x3x3) in this three-way ANOVA 
design, therefore, if significant results were found, post hoc comparisons would need to 
be conducted to determine which mean differences gave rise to the F test. Post hoc 
comparisons are statistical methods to discover where the differences lie, and are always 
non-directional tests (Shavelson, 1996). If significant results were found, post hoc 
comparisons using Tukey’s HSD methods would be conducted to analyze the data. 
Although Tukey’s HSD test is designed to compare the difference between each pair of 
means, only the means related to the research questions would be discussed. 
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CHAPTER IV 
RESULTS 
This chapter presents the study results and statistical analyses. The research 
questions were designed to compare the sight-singing pitch accuracy of college music 
students trained in the fixed-do and movable-do solfège systems, under various levels of 
diatonic and chromatic complexity. There were three independent variables (solfège 
system, diatonic complexity, and chromatic complexity), one dependent variable (pitch 
accuracy), and one control variable (piano learning experience).  
Eighty-five college music major students completed the study—45 from the 
fixed-do system and 40 from the movable-do system. All participants were limited to 
those who have trained in either fixed-do or movable-do system and have had piano 
learning experience before or starting at age 12.  
Each participant sight-sang nine music passages designed to investigate his/her 
sight-singing pitch accuracy with various levels of diatonic and chromatic complexity. 
The passages varied in the degree of complexity using three levels of diatonic complexity 
and three levels of chromatic complexity.  
The first research question was designed to investigate students’ overall sight-
singing pitch accuracy between the two solfège systems. The overall sight-singing pitch 
accuracy was scored by averaging the scores from all nine passages for each participant. 
A one-way ANOVA was conducted to compare the two groups and test for any 
significant difference.  
The second research question was designed to investigate the students’ sight-
singing pitch accuracy between the two solfège systems under various combinations of 
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three levels of chromatic complexity and three levels of diatonic complexity. A three-way 
mixed ANOVA 2x(3x3) with repeated measures was conducted to answer this research 
question. Each subsection below provides the results organized according to research 
question. 
Research Question 1 
How do students trained under fixed-do and movable-do systems differ in overall sight-
singing pitch accuracy when singing passages contain various levels of diatonic and 
chromatic complexity? 
 The first research question was designed to investigate the influence on sight-
singing pitch accuracy for college music students who have trained in either the fixed-do 
or movable-do solfège system. There was one independent variable, and one dependent 
variable. The independent variable was the solfège system in two levels–fixed-do and 
movable-do. The dependent variable was the overall sight-singing pitch accuracy scored 
on a scale of 0-100 as measured by PASS.  
The null hypothesis was that there was no significant difference between the 
means of the two groups. A one-way ANOVA test was conducted to determine the 
difference of pitch accuracy means between the two groups. The effect sizes were 
measured by partial eta-squared (ηp2), and Cohen’s d. An alpha level of .05 was utilized 
as significant level for this analysis. 
Assumptions for the First Research Question 
Three assumptions had to be met before conducting the one-way ANOVA test. 
The assumptions of independency and normality were satisfactory and discussed in the 
Data Analyses section in Chapter Three above. For the assumption of homogeneity of 
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variances, Levene’s test of equality of error variances was conducted. The results 
revealed that the error variance of the dependent variable was equal across groups, and 
the homogeneity-of-variance assumption was met. 
Results for the First Research Question 
The results indicated that there was a statistically significant difference between 
the two groups (fixed-do and movable-do), F (1, 83) = 35.86, p < .001, ηp2 = .302. The 
effect size partial eta-squared (ηp2) indicated that, on average, the solfège system had a 
very large effect (ηp2 = .302) on overall sight-singing pitch accuracy (Criteria for judging 
magnitude for partial eta-squared as effect size in a one-way ANOVA: Small: .01; 
Medium: .06; Large: .14). The results showed that the mean score of the fixed-do group 
was higher than the movable-do group statistically (fixed-do group: M = 56.12, SD = 
15.74; movable-do group: M = 36.84, SD = 13.70). Another effect size test, Cohen’s d, 
indicated that the difference between the means on sight-singing pitch accuracy for the 
two solfège systems was also very large (d = 1.301) (For comparison, criteria for judging 
Cohen’s d as effect size are: small: .20; medium: .50; large: .80). Figure 7 below 
demonstrates the mean scores for sight-singing pitch accuracy for the two solfège 
systems. 
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Figure 7. The mean scores for sight-singing pitch accuracy for the fixed-do system   
 
 
Research Question 2 
How do students trained under fixed-do and movable-do systems differ in sight-singing 
pitch accuracy under various conditions of diatonic and chromatic complexity? 
The second research question was designed to investigate the influence of various 
levels of diatonic and chromatic complexity on sight-singing pitch accuracy for college 
music students who have trained in either the fixed-do or movable-do solfège systems. A 
three-way mixed ANOVA 2x(3x3) with repeated measures was designed to answer this 
research question. In other words, it was an ANOVA with one-between-subject factor 
and two within-subjects factors. The between-subjects factor was the solfège system with 
two levels: fixed-do system and movable-do system. The two within-subjects factors 
were diatonic and chromatic complexity, and each of them had three levels: zero, 
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medium, and high. All between-subjects factor and within-subjects factors were 
independent variables. There was one dependent variable––pitch accuracy, scores on a 
scale of 0-100, as measured by PASS. An alpha level of .05 was utilized as the significant 
level for this analysis. The effect sizes were measured by partial eta-squared (ηp2) and 
Cohen’s d. 
Assumptions for the Second Research Question 
For a mixed-design three-way ANOVA with repeated measures, a list of 
assumptions need to meet before conducting the test; these are: independency, normality, 
homogeneity of covariance and variances, and sphericity. The assumptions of 
independency and normality were satisfactory and discussed at the Data Analyses section 
in Chapter Three. The remaining assumptions are discussed here:  
Box’s Test of Equality of Covariance Matrices was conducted to examine the 
homogeneity of covariance. The results revealed that the observed covariance matrices of 
the dependent variables are equal across groups. Therefore, homogeneity-of-covariance 
assumption was met. Levene’s Test of Equality of Error Variances was conducted to 
examine the homogeneity of variances. The results revealed that the error variance of the 
dependent variable was equal across groups. Therefore, the homogeneity-of-variance 
assumption was met.  
The results of Mauchly’s Test of Sphericity revealed that the error covariance 
matrix of the orthonomalized transformed dependent variables was equal across levels of 
the repeated measures factor at significant level of .01. Therefore, the assumption of 
sphericity was met at significant level of .01. Although the assumption of the sphericity 
was not met at the significant level of .05, the results remained same as the ANOVA test 
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with smaller effect size when using Greenhouse-Geisser conservative dfs method for 
sphericity assumption.  
Results for the Second Research Question 
There are three sub-questions to the second research question. All questions were 
investigated controlling for the age at which participants started their piano learning 
experience. The three sub-questions were: 
a. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the diatonic complexity is varied? 
b. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the chromatic complexity is varied? 
c. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when both diatonic complexity and chromatic 
complexity are varied? 
Sub-Question One 
How do students trained under fixed-do and movable-do systems differ in sight-
singing pitch accuracy when the diatonic complexity is varied? 
 For this sub-question, there was no statistically significant interaction between the 
two solfège system (fixed-do, movable-do) and three levels of diatonic complexity (zero, 
medium, high), F (2, 82) = .0616, p = .54. The mean scores categorized by the two 
solfège systems and three levels of diatonic complexity are listed in the table below. The 
table shows that the means of the three levels of diatonic complexity varied in a similar 
way in the two solfège systems. The two solfège systems did not have statistically 
significant interaction differences when the diatonic complexity was varied. Table 5 
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below shows the pitch accuracy score means and standard deviations for the two solfège 
systems with three levels of diatonic complexity. Figure 8 below provides a graphic view 
of the results.  
 
Table 5 
 
Pitch Accuracy Score Means and Standard Deviations for Two-Way Interaction Between 
Solfège System and Diatonic Complexity 
 
  
Fixed-do System 
(n = 45) 
___________ ___________________________________ 
 
Movable-do System 
(n = 40) 
________________________________________________ 
Level of 
Diatonic 
Complexity Mean 
Standard 
Deviation Mean 
Standard 
Deviation 
Zero 
 
58.00 19.00 36.63 16.32 
Medium 
 
53.43 15.42 34.79 17.53 
High 
 
56.93 18.06 39.08 16.43 
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Figure 8. Sight-singing pitch accuracy score means for the two solfège systems (fixed-do, and 
movable-do) and three levels (zero, medium, high) of diatonic complexity.  
 
Although there was no statistically significant interaction between the solfège 
system and diatonic complexity factors, the differences in mean between the two solfège 
systems were statistically significant with very large effect sizes on each level of diatonic 
complexity (zero level: F (2, 82) = 30.54, p < .001, d = 1.201; medium level: F (2, 82) = 
27.22, p < .001, d = 1.133; high level: F (2, 82) = 22.49, p < .001, d = 1.031). The effect 
sizes, Cohen’s d, for the means of the two solfège systems on all three levels of diatonic 
complexity were far greater than .80 (d = .80 indicates a large effect size).  
Sub-Question Two 
How do students trained under fixed-do and movable-do systems differ in sight-
singing pitch accuracy when the chromatic complexity is varied? 
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For this sub-question, there was no statistically significant interaction between the two 
solfège systems (fixed-do, movable-do) and three levels of chromatic complexity (zero, 
medium, high), F (2, 82) = .0774, p = .46. The mean scores categorized by the two 
solfège systems and three levels of chromatic complexity are listed at the table below. 
The table shows that the means of the three levels of chromatic complexity varied in a 
similar way in the two solfège systems. In both systems, the means decreased in a similar 
way when the level of chromatic complexity increased. The two solfège systems did not 
have statistically significant interaction differences when the chromatic complexity was 
varied. Table 6 below shows the pitch accuracy score means, standard deviations, and 
standard errors for the two solfège systems with three levels of Chromatic complexity. 
Figure 9 below provides a graphic view of the results. 
 
Table 6 
 
Pitch Accuracy Score Means and Standard Deviations for Two-Way Interaction Between 
Solfège System and Chromatic Complexity 
 
  
Fixed-do System 
(n = 45) 
___________ ___________________________________ 
 
Movable-do System 
(n = 40) 
________________________________________________ 
Level of 
Chromatic 
Complexity Mean 
Standard 
Deviation Mean 
Standard 
Deviation 
Zero 
 
63.03 16.66 41.77 20.12 
Medium 
 
57.34 19.30 37.83 15.37 
High 
 
47.99 16.74 30.90 14.09 
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Figure 9. Sight-singing pitch accuracy score means for the two solfège systems (fixed-do, and 
movable-do) and three levels (zero, medium, high) of chromatic complexity.  
 
Similar to the results of Sub-Question One, there was no statistically significant 
interaction between the solfège system and chromatic complexity factors, however, the 
differences in mean for sight-singing pitch accuracy between the two solfège systems was 
statistically significant with very large effect sizes for each level of chromatic complexity 
(zero level: F (2, 82) = 28.34, p < .001, d = 1.158; medium level: F (2, 82) = 26.12, p < 
.001, d = 1.111; high level: F (2, 82) = 25.58, p < .001, d = 1.099). The effect sizes, 
Cohen’s d, for the means of the two solfège systems on all three levels of chromatic 
complexity were far greater than .80 (d = .80 indicates a large effect size).  
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Sub-Question Three  
How do students trained under fixed-do and movable-do systems differ in sight-
singing pitch accuracy when both diatonic complexity and chromatic complexity are 
varied? 
For this sub-question, there was no statistically significant three-way interaction 
among the solfège system (fixed-do, movable-do), diatonic complexity (zero, medium, 
high), and chromatic complexity (zero, medium, high), F (4, 80) = 1.893, p = .12. The 
mean scores categorized by the three factors are listed in the table below. A quick scan of 
Table 7 shows that there are no obvious three-way interactions.  
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Table 7 
 
Pitch Accuracy Score Means and Standard Deviations for Three Factors: Solfège System, 
Diatonic Complexity, and Chromatic Complexity 
 
   
Fixed-do System 
(n = 45) 
_________________________________________________ 
Movable-do System 
(n = 40) 
________________________________________________ 
 
Diatonic 
Complexity 
 
Chromatic 
Complexity Mean 
Standard 
Deviation Mean 
Standard 
Deviation 
1 
 
1 65.10 24.75 44.47 28.75 
 
2 54.58 23.83 30.15 18.72 
 
3 54.30 22.37 35.27 23.12 
2 
 
1 58.72 23.67 32.55 23.18 
 
2 62.50 19.88 43.97 22.83 
 
3 39.08 19.83 27.85 20.03 
3 
 
1 65.25 18.34 48.30 26.60 
 
2 54.93 25.13 39.37 21.50 
 
3 50.59 20.01 29.58 16.80 
 
Note. “1” = zero level of complexity, “2” = medium level of complexity, and “3” = high level of 
complexity. 
 
Ancillary Analyses 
The results indicate that solfège system has a large significant effect on overall 
pitch accuracy, but the two solfège systems did not have statistically significant 
differences on levels of diatonic complexity, chromatic complexity, or the interaction of 
diatonic complexity and chromatic complexity. While the results answered the research 
questions, some other interesting findings revealed to be statistically significant. Without 
  
133 
regard to the solfège system, diatonic complexity and chromatic complexity each had a 
statistically significant effect on sight-singing pitch accuracy. 
The main effect of the diatonic complexity on overall sight-singing pitch accuracy 
was statistically significant with a medium effect size, F (2, 82) = 3.564, p = .033, ηp2 = 
.080. The results indicate that the mean score decreased from the zero to medium level of 
diatonic complexity, but increased at the high level of diatonic complexity. The mean 
scores categorized by diatonic complexity are also listed at Table 8 below: 
 
Table 8 
Pitch Accuracy Score Means and Standard Deviations for Three Levels of Diatonic 
Complexity 
 
Level of Diatonic 
complexity 
Mean 
(n = 85) 
Standard 
Deviation 
 
Zero 47.94 20.68 
 
Medium 44.66 18.83 
 
High 48.53 19.40 
 
 
The results of main effect of the chromatic complexity on overall sight-singing 
pitch accuracy was statistically significant with a very large effect size, F (2, 82) = 
31.560, p < .001, ηp2 = .435 (the effect size partial eta squared, ηp2, is considered large at 
the level of .14). The results indicate that the mean scores decreased when the level of 
chromatic complexity increased. The mean scores categorized by chromatic complexity 
are also listed in Table 9 below: 
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Table 9 
Pitch Accuracy Score Means and Standard Deviations for Three Levels of Chromatic 
Complexity 
 
Level of Chromatic 
complexity 
Mean 
(n = 85) 
Standard 
Deviation 
 
Zero 53.02 21.15 
 
Medium 48.16 20.02 
 
High 39.95 17.68 
 
 
Summary 
For the first research question (How do students trained under fixed-do and 
movable-do systems differ in overall sight-singing pitch accuracy?), the results indicate 
that students trained under fixed-do do system had statistically higher sight-singing pitch 
accuracy overall with a very large effect size (F (1, 83) = 35.86, p < .001, ηp2 = .302, d = 
1.301). For the second research question (How do students trained under fixed-do and 
movable-do systems differ in sight-singing pitch accuracy under various conditions of 
diatonic and chromatic complexity?), there were no statistically significant interaction 
effects either between the solfège system and diatonic complexity (F (2, 82) = .0616, p = 
.543), the solfège system and chromatic complexity (F (2, 82) = 0774, p = .464), or three-
way interaction among the solfège system, diatonic complexity, and chromatic 
complexity (F (4, 80) = 1.893, p = .120).  However, the results indicated that the 
differences in mean pitch accuracy scores between the two solfège systems were very 
large on each level of diatonic complexity (d = 1.201; 1.133; 1.031 for zero, medium, 
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high level respectively) and chromatic complexity (d = 1.158; 1.111; 1.099 for zero, 
medium, high level respectively). Because the results did not reveal any significant 
interaction effects among factors, no post hoc pairwise comparisons were needed. 
Although the research questions did not include either diatonic complexity or 
chromatic complexity as a main effect in overall pitch accuracy, the results indicate that 
diatonic complexity has a statistically significant effect on overall sight-singing pitch 
accuracy with a medium effect size (F (2, 82) = 3.564, p = .03, ηp2 = .080), and 
chromatic complexity has a statistically significant effect on overall sight-singing pitch 
accuracy with a very large effect size (F (2, 82) = 31.560, p < .001, ηp2 = .435). 
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CHAPTER V 
SUMMARY, DISCUSSION, LIMITATIONS,  
AND RECOMMENDATIONS 
The purpose of this study is to investigate the influence of various levels of 
diatonic and chromatic complexity on sight-singing pitch accuracy for college music 
major students who have been trained in either the fixed-do or movable-do solfège 
systems, and have had piano experience before or beginning at age 12. This chapter is 
organized in sections to provide a general overview of the study and discuss its results 
and implications. The subsections are: (a) Summary of the Study, (b) Summary of 
Findings, (c) Limitations, (d) Discussion of Findings, (e) Conclusions, and (f) 
Implications.  
Summary of the Study 
Sight-singing is widely considered a fundamental and essential music skill and in 
music education (Darrow & Marsh, 2006; Henry & Demorest, 1994; Holmes, 2009; 
McClung, 2001; Norris, 2004). Since 1994, sight-singing is included as one of the nine 
content standards from The National Standards for Music Education of Music Educators 
National Conference (MENC), also known as The National Association for Music 
Education (MENC, 1994).  
In spite of its importance, studies indicate that sight-singing remains one of the 
weakest components in music education. Numerous studies (Bolton, 2009; Henry, 1999; 
Scott, 1996; Vom Kampen, 2003) indicate that many music students have difficulty sight-
singing (Bolton, 2009; Henry, 1999; Scott, 1996 Vom Kampen, 2003). Researchers also 
note that many music teachers experience difficulty developing sight-singing teaching 
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strategies and feel that sight-singing is hard to teach (Henry, 1999; McClung, 2001; 
Norris, 2004; Smith, 1998). The circumstance in both learning and teaching presents a 
major problem in music education. Seeking effective pedagogical methods for sight-
singing is therefore an essential task in current music education. 
Adding to (or perhaps causing) the problems surrounding sight-singing education, 
researchers have strongly differing opinions on the effectiveness of various sight-singing 
teaching methods. Two solfège systems: fixed-do and movable-do are the sight-singing 
methods currently preferred by most professional music educators (Killian & Henry, 
2005; Holmes, 2009; May, 1993; McClung, 2001; Smith, 1998). Both systems apply 
solfège syllables (do, re, mi, fa, sol, la, si) onto the musical notes while sight-singing. The 
fixed-do system is based on the absolute frequency of the notes independent of key 
signature while the movable-do system is based on relative tonal relationships and 
requires adjustment according to the key signature. Each system is recognized as having 
its own advantages and well as its own complications.  
 There have been theoretical debates about the effectiveness of the fixed-do and 
movable-do sight-singing systems (Bentley, 1959; Houlahan & Tacka, 1992; Larson, 
1993; Phillips, 1984; Siler, 1956; Smith, 1991). It has been argued (Bentley, 1959; 
Phillips, 1984; Siler, 1956; Smith, 1991), for example, that the movable-do system is not 
able to handle certain complex music (music with chromatic complexity) (Siler, 1956; 
Phillips, 1984). On the other hand, the fixed-do system has been characterized as 
“cumbersome and hazardous” (Bentley, 1959, p. 165) in another type of complex music 
(music with diatonic complexity). Music with diatonic complexity and chromatic 
complexity has been widely used and dominated Western music since the 19th century 
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(Gauldin, 2004; Kopp, 2002; McCreless, 1983; Perttu, 2007; Sadie, 2001; Smith, 1986). 
Thus, these arguments are important because it is just such complex music that has been 
used extensively (Bribitzer-Stull, 2006; Brown, 1986; Burgmer, 1995; Burnett & 
O’Donnell’s, 1996; Kopp, 2002; McCreless, 1983; Mitchell, 1962; Perttu, 2007; 
Swinden, 2005) and is what music students are generally required to learn.  
Since the mid 1990’s, some studies have been conducted to examine or compare 
these two solfège systems and the effects they have on sight-singing ability (Antinone, 
2000; Brown, 2001; Demorest & May, 1995; Henry & Demorest, 1994; Holmes, 2009; 
Killian & Henry, 2005). However, no clear conclusion has emerged among these studies.  
In addition, most of these empirical studies comparing student’s sight-singing 
achievement (e.g., Antinone, 2000; Demorest & May, 1995; Henry & Demorest, 1994; 
Holmes, 2009; Killian & Henry, 2005) consider fairly simple music with little 
complexity.  
In addition to the issues mentioned above, each of the comparison sight-singing 
studies described above use music students, or teachers to score participants’ sight-
singing pitch accuracy “by ear”. However, human ear scoring can be subjective, vary 
widely among scores, and may not be adequately sensitive to draw meaningful 
comparisons.  
Moreover, empirical studies have shown that piano experience has a strong 
impact on sight-singing pitch accuracy (Brown, 2001; Daniel, 1986; Demorest, 1998; 
Demorest & May, 1995; Harrison, 1996; Henry, 2011; Henry & Demorest, 1994; Killian 
& Henry, 2005; McClung, 2001; Scott, 1996; Tucker, 1969; White, 2009). Although 
piano experience is the most common confounding variable from current empirical sight-
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singing studies, none of the sight-singing studies control student’s piano learning 
experience when comparing the two solfège systems (e.g., Antinone, 2000; Brown, 2001; 
Demorest & May, 1995; Henry & Demorest, 1994; Killian & Henry, 2005; Holmes, 
2009).  
In this study, Cognitive Load Theory (CLT) is used as a theoretical framework. 
CLT is a theory of cognitive processes during learning and problem solving (Chandler & 
Sweller, 1991; Paas, Renkl, & Sweller, 2004). CLT assumes the presence of long-term 
memory and working memory. In CLT, long-term memory stores organized or structured 
knowledge, called schemas, has nearly unlimited capacity; working memory is where all 
conscious cognitive processing occurs (Seufert & Brünken, 2006), but has a limited 
capacity (Paas et al., 2004). Given its limited capacity, working memory can become 
overloaded when more elements are processed (Kalyuga, Ayres, Candler & Sweller, 
2003).  
In this study, sight-singers trained in different systems, fixed-do or movable-do, 
may have developed different schemas during years of practicing. Schema can be 
retrieved from long-term memory into working memory. When schema automation is 
brought to working memory, it reduces the load and frees the capacity of the limited 
working memory (Kalyuga et al., 2003; Paas et al., 2004).  
Different schema structures can result in different degrees of working memory 
load. When presented with the same music, fixed-do sight-singers to movable-do sight-
singers may experience different amounts of cognitive load because of the different 
schemas used. Use of the movable-do system may produce relatively less load for 
diatonic passages, while use of the fixed-do system may produce relatively less load for 
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chromatic passages. Previous studies that tested simple diatonic passages, with little or no 
chromatic complexity, do in fact show better results for movable-do singers, consistent 
with this theoretical description. Musical passages with chromatic complexity and mixed 
complexity have not yet been fully tested. 
There are two main research questions in this study. The research questions are 
designed to compare the sight-singing pitch accuracy of college music students trained in 
the fixed-do and movable-do systems, under various levels of diatonic and chromatic 
complexity. All questions are investigated controlling for the age at which participants 
started their piano learning experience: 
1. How do students trained under fixed-do and movable-do systems differ in overall 
sight-singing pitch accuracy when singing passages contain various levels of 
diatonic and chromatic complexity? 
2. How do students trained under fixed-do and movable-do systems differ in sight-
singing pitch accuracy under various conditions of diatonic and chromatic 
complexity? The three sub-questions are:  
a. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the diatonic complexity is varied? 
b. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when the chromatic complexity is varied? 
c. How do students trained under fixed-do and movable-do systems differ in 
sight-singing pitch accuracy when both the diatonic complexity and 
chromatic complexity are varied? 
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This quantitative comparison study is designed as an ex post facto study. 
Participants’ pitch accuracy is examined when sight-singing music passages with various 
levels of diatonic and chromatic complexity. There are three independent variables 
(solfège system, diatonic complexity, and chromatic complexity), one dependent variable 
(pitch accuracy), and one control variable (piano learning experience) in this study. The 
levels of the three independent variables are: solfège system in two levels: fixed-do 
system and movable-do system; diatonic complexity in three levels: zero, medium, high; 
and chromatic complexity in three levels: zero, medium, high. The dependent variable, 
pitch accuracy, was analyzed and scored by frequency using the PASS computer 
program. The control variable, piano learning experience, controlled for the age at which 
the participant starting learning the piano. Participants included 85 volunteer college 
music major students in a Northern California urban area who had training in either the 
fixed-do or movable-do system, and had piano learning experience before or starting at 
age 12.  
Summary of Findings 
For the first research question (How do students trained under fixed-do and 
movable-do systems differ in overall sight-singing pitch accuracy when singing passages 
contain various levels of diatonic and chromatic complexity?), a one-way ANOVA 
statistical test was conducted with the solfège system as the independent variable and 
overall sight-singing pitch accuracy as the dependent variable. The overall sight-singing 
pitch accuracy was scored by averaging the pitch accuracy scores over all nine passages 
for each participant. A between-groups difference in pitch accuracy was found at the .05 
  
142 
level of significance. The results indicate that students trained under the fixed-do system 
have statistically higher sight-singing pitch accuracy overall with a very large effect size. 
For the second research question (How do students trained under fixed-do and 
movable-do systems differ in sight-singing pitch accuracy under various conditions of 
diatonic and chromatic complexity?), three-way mixed ANOVA with repeated measures 
was conducted. The between-subjects factor was the solfège system with two levels: 
fixed-do system and movable-do system. The two within-subjects factors were diatonic 
and chromatic complexity, each having three levels: zero, medium, and high. All 
between-subjects factor and within-subjects factors were independent variables. There 
was one dependent variable––pitch accuracy. No differences were found at the .05 level 
of significance. The results indicate that there were no statistically significant interaction 
effects either between the solfège system and diatonic complexity, or the solfège system 
and chromatic complexity, or in a three-way interaction among the solfège system, 
diatonic complexity, and chromatic complexity. Because no significant interaction effects 
were found among factors, no post hoc pairwise comparisons needed to be conducted. 
In this study, Cohen’s d was used to measure the difference between the means of 
the two solfège systems. Although there were no significant interaction effects found, the 
results indicated that the differences in mean were very large between the two solfège 
systems on all three levels of diatonic complexity and three levels of chromatic 
complexity. In short, the fixed-do group scored significant higher on pitch accuracy at all 
levels of complexity.  
While the results answered the research questions, some other interesting findings 
were revealed to be statistically significant. Although the research question did not 
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include either diatonic complexity or chromatic complexity as a main effect in overall 
pitch accuracy, the results indicate that diatonic complexity has a statistically significant 
effect on overall sight-singing pitch accuracy with a medium effect size at the .05 level of 
significance. Chromatic complexity has statistically significant effect on overall sight-
singing pitch accuracy with a very large effect size at the .05 level of significance. 
Limitations 
 This section discusses limitations related to this study. There are three 
subsections, which are: (a) Limitations of the Sample, (b) Limitations of the Passages, 
and (c) Limitations of the Scoring System. The first subsection discusses how bias was 
introduced by the limited sample size, selection, and assignment. The second subsection 
discusses the limitations from the design of the passages used in this study. The third 
subsection discusses the limitations of the fairness of the scoring system. It includes a 
discussion of the advantages and disadvantages of using the computer scoring software, 
PASS, as well as other rules applied in the scoring system. The details of the computer 
scoring system PASS were provided in Chapter Three.  
Limitations of the Sample 
This study was limited by its use of a convenience sample. The sample was 
limited in geographic scope to the Northern California urban area. In addition, 
participants were not randomly selected from this population. All participants had 
volunteered to participate in this study. Bias could be introduced by uncontrolled 
demographic criteria. Generalization of the results should therefore be made with caution. 
Another issue for generalization is the study’s limited sample size. There are 
approximately nine hundred college music major students (including undergraduate and 
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graduate students) currently enrolled in the Northern California urban area. One of the 
two largest college music schools in this area uses the fixed-do system, and the other uses 
the movable-do system. Due to the limited time, resources and restrictions caused by 
controlling for piano experience, this study recruited only 45 fixed-do participants and 40 
movable-do participants. When making statistical inferences (based upon sample data but 
designed to extend beyond the sample), smaller samples can reduce precision, increase 
systematic errors, and result in insufficient statistical power (Shavelson, 1996; Huck, 
2008). Nevertheless, the study did recruit close to 10 percent of the music major students 
in this urban area, which is a relatively large fraction of the accessible population. 
In addition, this was an ex post facto study. Participants were recruited who have 
already trained in either the fixed-do system or movable-do system. The participants from 
the two groups could not be randomly assigned because this was not an experimental 
study. Learning procedure and learning environment in which the participants learned to 
sight-sing could not be controlled. Moreover, because this was a comparison study of the 
two solfège systems for sight-singing, the two groups of participants (fixed-do group and 
movable-do group) should be matched in every aspect except the solfège system. 
However, the two groups of participants were not matched in every aspect. Nevertheless, 
some attempts were made to find participants with similar music learning background 
and experiences. For example, the study was controlled for piano experience starting age, 
level of academic achievement, and academic focus. 
The choice of solfège system used by each participant may have been influenced 
by their prior learning environment. If particular learning environments are themselves 
superior, or attract superior students, the results may be a reflection of this bias and not 
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the solfège system per se. Furthermore, this was not a pretest-posttest experimental study. 
It was unknown: (a) how the participants’ abilities in sight-singing and sensibility in pitch 
accuracy ranked before they started their solfège system training, (b) how much they 
have actually improved over the years of training in the solfège system, and (c) how 
much participants’ sight-singing pitch accuracy is actually accounted for by the solfège 
system. 
Among the 45 fixed-do participants, 35 participants were from School One—the 
school that teaches fixed-do system. Among the 40 movable-do participants, 28 
participants were from School Three—the school that teaches movable-do system. At 
School One (fixed-do), there were seven teachers teaching courses in sight-singing while 
at School Three (movable-do), there was only one teacher teaching courses in sight-
singing. These two schools did have many similar aspects, such as: similar audition 
requirements for admission and matriculation, the same kinds of degree offerings, and 
similar courses and requirements to complete the degrees. Nevertheless, differences in 
the school, or the influence of particular teachers might have introduced significant 
confounding factors.  
Limitations of the Passages 
Nine music passages were used to determine participants’ sight-singing pitch 
accuracy. The nine passages were custom designed by the researcher with consultation, 
review and adjustment by music theory professor David Garner from the San Francisco 
Conservatory of Music. The passages were designed with specific progressions of levels 
of diatonic and chromatic complexity in order to cover a full range of the parameter 
space. The passages were carefully controlled for interval, tonality, rhythm, length, 
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cadence, and rules of counterpoint. Nevertheless, some passages (e.g., Passage 2 which 
did not start on a tonic—keynote) produced unexpected results, and, in hindsight, may 
have been somewhat confusing to sight-sing. This might explain the reversed results for 
movable-do sight-singers. Future studies may want to perform pilot studies using test 
passages to avoid such limitations. However, pilot studies may also limit the number of 
participants available for the main study and care should be used when selecting the pilot 
sample so as not to impact the main study. 
Music in a minor key or in an atonal genre was not included in the test passages. 
To reduce the confounding variables and complications, this study only tested students’ 
sight-singing pitch accuracy on music passages with tonal music and in major keys. 
Music in a minor key and atonal music present categories of difficulty not addressed in 
this study. For example, minor keys can contain accidentals for the leading tone or for 
other purposes such as ascending passage in melodic minor in which both the sixth and 
seventh degrees of the scale appear with accidentals. Such passages result in higher levels 
of chromatic complexity than those studied here. Atonal music lacks a key signature and 
tonal center and is generally considered highly difficult to sight-sing. For these reasons, 
sight-singing pitch accuracy on music passages in minor keys or in atonal music should 
be examined in future studies.  
Limitations of the Scoring System 
The computer scoring system in this study, PASS, scored the sung notes by 
frequency. The “on-pitch” range of frequencies for a given note is defined to be 
frequencies within a range of width one semitone centered on the note. Equal 
temperament was taken in this study as a standard when measuring the pitch accuracy. 
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For example, if the passage specifies an A4 (440Hz), tones sung in the range 427Hz to 
453Hz (one-half semi-tone below A4 to one-half semi-tone above A4 using the equal 
temperament system) are considered on pitch. Although there are at most a few Hertz 
difference between equal temperament and other common tuning systems, in principle, 
the results may have been slightly skewed for participants trained in a different tuning 
system, such as just intonation.  
Theoretically, movable-do singers would use just intonation. This means that the 
“acceptable” range for a given note would be slightly different from the equal 
temperament range used in this study. In just intonation, the frequency of the note A4 is 
436.05 Hz in the key of C Major (In just intonation, the frequency of the notes are 
slightly adjusted when they are in different keys) and the acceptable range would be 
427.33 Hz to 453.49Hz (compared to 427.65 Hz to 453.08 Hz in equal temperament). 
However, these minor differences could in no way explain the observed results. 
Owing to the ways the two solfège systems were designed, participants from each 
system would likely apply different vowels as singing syllables for the same note. 
Because the human ear can be affected by “vowel color” when evaluating the pitch 
accuracy (Fowler & Brown, 1997; Pape, 2005) while PASS would not, the PASS results 
could be mildly different than what a human being would hear. Since the different 
solfège systems might apply different vowels, any differences between PASS and a 
human scorer might also depend on the solfège system used. However, any such 
differences were minor, as the PASS scores and human evaluator scores were, in fact, 
highly correlated (See Figures 5 and 6). 
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Another possible disadvantage of PASS related to how it scores well-trained 
classical singers who use vibrato. Vibrato is a wavering of pitch used to enrich and 
intensify the tone of a voice or instrument (Latham, 2002; Randel, 2003). The range of 
wavering in pitch could vary from person to person. Therefore, singers with wider range 
of vibrato (wider than a semitone) might be scored mildly lower because some parts of 
the sung note contain frequencies outside of the acceptable range. 
Finally, only pitch accuracy was examined in this study, not interval, rhythm, or 
label accuracy. For instance, when a student sings one note off pitch, but maintains the 
rest of the notes in correct intervals according to the first off-pitch note, all of these notes 
would be scored as off-pitch, even though the intervals may be correct. Also, because 
rhythm was not graded, the scoring system gave an advantage to students who slowed or 
stopped in the middle of sight-singing to figure out the pitch of the next note.  
Discussions of Findings 
In this study, the results indicated that students who have trained under the fixed-
do system had significantly higher overall pitch accuracy than the students from the 
movable-do system on every level of diatonic and chromatic complexity. This is in 
contrast to several past empirical sight-singing studies that compared the two solfège 
systems (e.g., Antinone, 2000; Brown, 2001; Demorest & May, 1995; Killian & Henry, 
2005; Henry & Demorest, 1994; Holmes, 2009), which found no significant differences 
between the two solfège systems (Antinone, 2000; Henry & Demorest, 1994; Killian & 
Henry, 2005). Furthermore, the results from Demorest and May (1995) found that 
students who use the movable-do system scored significantly higher in pitch accuracy.  
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One of the possible reasons why the results of this study are inconsistent with the 
existing literature is that this study used passages with various levels of diatonic and 
chromatic complexity to examine student’s sight-singing pitch accuracy. In the previous 
studies, other than Brown (2001), none of the studies (e.g., Antinone, 2000; Demorest & 
May, 1995; Killian & Henry, 2005; Henry & Demorest, 1994; Holmes, 2009) address 
any meaningful levels of diatonic or chromatic complexity. Thus, the different results 
between this study and the literature might be due to the influence of diatonic and 
chromatic complexity on sight-singing pitch accuracy. In this case, the fixed-do system 
seems to be a better system when handling both diatonic and chromatic complexity. 
One of the possible reasons to explain the overall higher performance of the 
fixed-do system might be the bias introduced by the sample selection. Of the previous 
studies, Brown (2001), Demorest and May (1995), Henry and Demorest (1994), Killian 
and Henry (2005) are ex post facto comparison studies while Antinone (2000) and 
Holmes (2009) are experimental studies. Among these ex post facto comparison studies 
(e.g., Brown, 2001; Demorest & May, 1995; Henry & Demorest, 1994; Killian & Henry, 
2005), the researchers found schools that exclusively taught either fixed-do system, or 
movable-do system, and compared the results from the two schools. All these studies 
matched the fixed-do schools and movable-do schools in many academic aspects. In this 
study, most of the fixed-do participants were from one school (35 out of 45), and most of 
movable-do participants were from another school (28 out of 40). Although these two 
schools did have similar aspects, such as similar audition requirements for admission and 
matriculation, and the same kinds of degree offerings, these two schools did not match in 
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every possible academic aspect. Therefore, the significant difference found in this study 
might have been influenced by academic differences between the two schools.  
Another possible reason to explain why the results of this study are inconsistent 
with the existing literature is that this study used a computer scoring system, PASS, to 
assess participants’ pitch accuracy. Each of the comparison sight-singing studies 
described above (Antinone, 2000; Brown, 2001; Demorest & May, 1995; Henry & 
Demorest, 1994; Holmes, 2009; Killian & Henry, 2005) used human evaluators to score 
participants’ sight-singing pitch accuracy “by ear”. However, with the human ear, it is 
hard to detect frequency with high accuracy, and the consistency of the evaluators can be 
questionable when they are scoring the pitch accuracy over long time periods. Moreover, 
subjective standards can differ widely from person to person, and can be affected by 
other factors such as vowel color. Thus it can be expected that the results from this study 
may differ from some past studies. 
The Two Solfège Systems and 
 Diatonic and Chromatic Complexity 
As the results in this study indicated, the solfège system had a significant effect 
on overall sight-singing pitch accuracy, and fixed-do group had significantly higher mean 
pitch accuracy scores at every level of diatonic and chromatic complexity. The results 
also indicated that both diatonic complexity and chromatic complexity had a significant 
effect on sight-singing pitch accuracy without regard to the solfège system. Overall, the 
results indicated that all three factors (the solfège system, diatonic complexity, and 
chromatic complexity) had significant effects on pitch accuracy individually, but with no 
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significant interactions. The results did not support the anticipation of the interactions 
discussed in the theoretical framework.  
Although the fixed-do system participants had significantly higher scores than the 
movable-do system participants on every level of diatonic and chromatic complexity, the 
mean scores from both systems behaved the same way as diatonic complexity increased, 
as well as when chromatic complexity increased. The movable-do group did not have 
higher pitch accuracy than the fixed-do group as diatonic complexity increased (the mean 
scores at three levels of diatonic complexity were: 58.00, 53.43, 56.93 for the fixed-do 
group; 36.63, 34.79, 39.08 for the movable-do group). The fixed-do group did have 
higher pitch accuracy than movable-do group without regard to level of chromatic 
complexity. However, the pitch accuracy of the fixed-do group decreased in the same 
pattern as the movable-do group when chromatic complexity increased (the mean scores 
at three levels of chromatic complexity are: 63.03, 57.34, 47.99 for the fixed-do group; 
41.77, 37.83, 30.90 for the movable-do group). 
Among the previous empirical studies comparing the two solfège systems, only 
Brown (2001) tested students’ sight-singing accuracy using music with varying levels of 
diatonic and chromatic complexity. He found that students trained under the movable-do 
system have better pitch accuracy on chromatic music at a simple level of complexity 
while students trained under the fixed-do system have higher label accuracy on atonal 
passages at a difficult level of complexity. No other significance differences between the 
two systems were found in compositional styles (diatonic, modulatory, chromatic, and 
atonal) and difficulty levels (simple, medium, and high) in his study. Similar to this 
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study, Brown (2001) also found no statistically significant three-way interactions among 
the solfège system, music category (compositional style), and difficulty level. 
Passage Design and the Findings for Diatonic Complexity  
An interesting finding regarding the diatonic complexity scores is that the mean 
scores from both systems dropped from the zero complexity level to the medium 
complexity level, but went back up at the high complexity level. This counter-intuitive 
result might be explained by the design of the passages, as discussed below. 
Passage Design in Diatonic Complexity and the Movable-do System 
Among the nine passages, six started from the tonic—the “do” of the movable-do 
system. The three passages that did not start from the tonic (the “do”) were Passages 2 
and 7, and 9. Passages 2 and 7 started from the dominant (the fifth scale degree of the 
diatonic scale) while Passage 9 started from the mediant (the third scale degree of the 
diatonic scale). In other words, for Passage 2 and Passage 7, movable-do singers should 
start at the syllable “sol”, and for Passage 9, they should start at the syllable “mi”.  This 
design was intended to reduce the similarity between passages. However, to be able to 
know which syllable to apply to which note in the movable-do system, singers need to 
first identify the key according to the key signature to locate the “do”, then apply the rest 
of the syllables (re, mi, fa, sol, la, ti) to obtain the exact intervals in the diatonic scale. 
Thus, if a movable-do singer identifies the wrong key, and therefore applies the syllables 
to the wrong notes, the intervals between notes would be mostly incorrect. Such a 
situation was found for numerous movable-do participants when sight-singing the 
Passage 2.  
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For Passage 2 (medium level of diatonic complexity, and zero level of chromatic 
complexity), 11 out of 40 movable-do participants did not correctly identify the key and 
assumed the starting syllable as “do” instead of “sol”. This lead to incorrect interval 
applications, as described above, and lowered their overall pitch accuracy scores. The 
lower pitch accuracies for Passage 2 likely contributed to the observed score drop at the 
medium level of diatonic complexity for the movable-do group.  
For Passages 7 and 9, most of the movable-do participants did, in fact, apply the 
correct syllables. One of the possible reasons can be that Passage 2 was the first passage 
which did not start from the “do”. Movable-do participants might not, at first, have 
expected such a situation. However, after encountering Passage 2, they may have been 
more prepared for a similar situation on these later passages. 
Passage Design in Diatonic Complexity and the Fixed-do System 
Fixed-do participants showed the same behavior as movable-do participants in the 
three levels of diatonic complexity—lower scores on the medium complexity level. 
Passages 3, 6, and 9 are the passages that represent the high level of diatonic complexity 
but with different levels of chromatic complexity. While Passage 3 presented a pure 
diatonic melody (no chromatic tones), both Passages 6 and 9 contained chromatic tones 
used for modulations. At a high level of diatonic complexity, there are more sharps and 
flats in the key signature. When chromatic tones appear in the passage with many sharps 
and flats in the key signature, the accidentals (a music sign which is used to alter notes 
from diatonic tones to chromatic tones) are most likely to be natural signs (a music sign 
which is used to cancel the sharps and flats from the key signature). Therefore, the 
numerous chromatic tones appearing with natural signs in Passages 6 and 9 mostly served 
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to ‘undo’ or cancel the effects of the high diatonic complexity. For example, the 
chromatic tones in Passage 6 actually modulated the passage from the key of A flat Major 
(four flats in the key signature) to key of C Major (no sharps and flats in the key 
signature). This might explain why the fixed-do group actually scored higher at the 
highest level of diatonic complexity.  
Musician’s Awareness Toward the End of the Performance 
 The results indicated that participants from both solfège groups had lower scores 
at the medium level of diatonic complexity than at the high level of diatonic complexity. 
Another possible explanation for this interesting result is the nature of a musician’s 
performing attitude. In general, musicians are very cognizant of their own performance 
level throughout the performance of a piece. Although fatigue may occur in the middle of 
the performance, musicians tend to try their best and work the hardest toward the end of 
the piece to receive the maximum applause. This musician’s attitude seems to match the 
results of the study across the three levels of diatonic complexity. The passages were 
presented to participants in the order of complexity levels (zero, medium, high). While 
results indicated that participants’ pitch accuracy decreased at the medium level of 
diatonic complexity, and increased at the high level of diatonic complexity – this may be 
explained by the phenomena of the musician’s attitude – to demonstrate a higher level of 
performance at the end of a piece.  
Starting Over, Backtracking, and Repeating Notes 
 One important fairness issue during the sight-singing test procedure was that 
numerous participants used multiple attempts to finish sight-singing the passages. The 
three most common ways that participants used multiple attempts were starting over, 
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backtracking, and repeating notes. The description below indicates how these three 
common ways for multiple attempts were defined in this study. Starting over was defined 
as when a participant stopped after singing more than one measure of the passage, then, 
started over from the beginning to sing the whole passage again. Backtracking was 
defined as when a participant stopped somewhere in the passage and went back one or 
more notes to find the pitch, then, continued finishing the passage. Repeating notes was 
defined as when a participant stopped sight-singing somewhere in the middle of the 
passage, and repeated the note where he/she stopped without tracking back to previous 
notes, then, continued finishing the passage. Participants who used multiple attempts 
gained an unfair advantage compared to others who do not take a second chance.  
Multiple Attempts Used in the Two Systems 
To adjust the fairness in this study, any notes that were repeated were eliminated, 
and did not contribute to the score. Only the notes sung on the first attempt were counted. 
In addition, participants who either started over or backtracked received penalty 
deductions from their scores. This penalty compensates for the advantage obtained by 
backtracking or starting over. However, participants who repeated a note did not receive 
penalties (aside from elimination of the repeated note) because little advantage is gained 
by the repetition of a single note. Results revealed that movable-do participants had a 
higher incidence of multiple attempt violations compared to the fixed-do participants. 
From the passages sight-sung by the movable-do participants, there were 32 cases of 
starting over, 160 cases of backtracking, and 229 cases of repeating notes. Compared to 
the passages sight-sung by the fixed-do participants with 9 cases of starting over, 60 
cases of backtracking, and 41 cases of repeating notes.  
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 The numbers described above suggest that movable-do participants relied heavily 
on multiple attempts to be able to finish singing the passages. The possible reason might 
be the movable-do system is designed based on relative intervals of notes. Movable-do 
sight-singers find the pitch of the notes relying on the relationship of the tonic or the 
previous notes. Therefore, if a movable-do sight-singer sings off pitch on one note, it 
might be necessary to re-find the correct reference pitch by starting over or backtracking 
to the notes that can put him/her back on to the proper tonal relationship.  
Penalty for Multiple Attempts in Past Studies 
 Many past empirical sight-singing studies (Antinone, 2000; Demorest & May, 
1995; Killian & Henry, 2005; Henry & Demorest, 1994; Holmes, 2009) failed to 
adequately discuss their rules for applying penalties for multiple attempts. Antinone 
(2000), Killian and Henry (2005), and Holmes (2009) did not mention any rules to 
penalized multiple attempts. Both Henry and Demorest (1994), and Demorest and May 
(1995) deducted one full credit (marked as one note wrong) for a repeated note, and two 
full credits for starting over. The rules are similar to this study. However, these two 
studies (Demorest & May, 1995; Henry & Demorest, 1994) did not mention whether they 
graded the pitch accuracy according to the second attempt or the first try. If the grading 
was done according to the second attempt, it would increase the level of unfairness to the 
participants who did not use multiple attempts. If they had more movable-do participants 
using second attempts, as was found in this study, and they graded according to the 
second attempt, then the movable-do system would be given an overall advantage. This 
could explain why Demorest and May (1995) found that movable-do participants had 
significant higher pitch accuracy, and Henry and Demorest (1994) found no significant 
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difference between the two systems, while this study found fixed-do participants had 
significant higher pitch accuracy. 
 Brown (2001) provided several descriptions of the scoring rules for multiple 
attempts. For backtracking, Brown graded participants according to the second attempt, 
and did not mention any deductions. In other words, participants in his study (Brown, 
2001) not only got a second chance without any penalty adjustment, they, in effect, 
received rewards by scoring according to the second attempt. Brown did not mention any 
penalty for starting over. In this study, the movable-do group used far more multiple 
attempts compared to the fixed-do group. If this study were handled with the same rules 
as Brown (2001), the average movable-do score would have increased significantly. This 
could be another reason to explain why this study found that the fixed-do group had 
significant higher scores, while Brown (2001) found no significant differences between 
the two systems. 
Same Results Without Penalty 
 In this study, the movable-do group used more multiple attempts to finish sight-
singing the passages, and received more deductions of the scores. This significantly 
decreases the average scores of the movable-do group. To clarify that the results were not 
due to the penalty system, the statistical tests of this study (one-way ANOVA and three-
way ANOVA) were also conducted using the scores without penalties. The overall results 
remained the same, the only difference being that the effect sizes were slightly smaller. 
The mean scores on overall sight-singing pitch accuracy of the two groups without 
penalty are: fixed-do group: M = 57.68, SD = 14.69; movable-do group: M = 41.31, SD = 
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13.76. The fixed-do group still scored significantly higher than the movable-do group 
with a large effect size (F (1, 83) = 27.91, p < .001, ηp2 = .252).  
The Two Systems and Cognitive Load Theory 
According to the cognitive load theory (CLT), because the two solfège systems 
are designed differently, singers using different systems may have developed different 
schemas to reduce cognitive load. Therefore, cognitive load may be different between the 
two solfège systems when handling music with differing degrees of diatonic complexity 
and chromatic complexity. When a sight-singer experiences higher cognitive load, the 
results of the pitch accuracy are expected to decrease. Results in this study suggested 
that: (a) overall, fixed-do sight singers were more accurate regardless of diatonic or 
chromatic complexity, (b) movable-do sight-singers might have higher cognitive load 
when handling music with complexity, and (c) although the fixed-do sight singers 
performed higher overall, there is no clear evidence that one system is more effective 
than the other for handling increased levels of diatonic or chromatic complexity because 
no interactions among the solfège system, diatonic complexity and chromatic complexity 
were found.  
In addition, multiple attempts used by participants can be seen as a consequence 
of overloaded working memory. Results revealed that movable-do participants had a 
higher incidence of multiple attempt violations compared to the fixed-do participants. 
This can be interpreted as the movable-do schema being less efficient overall when sight-
singing music with diatonic and chromatic complexity.  
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Shifting of the Tonal Center 
Another issue of the scoring rules is the situation of shifting the tonal center 
contributed by an off-pitch note when singing the passages (i.e., after singing one note 
off-pitch, participants maintained the same intervals according to the off-pitch note. For 
example, one note was sung two semitones higher by mistake in the middle of the 
passage, then he/she continued singing the rest of the notes two semitones higher). 
Antinone (2000) and Brown (2001) gave credits to participants if they maintained the 
correct intervals after singing one note off-pitch. However, in this study, every note was 
scored individually by frequency, all notes would be scored wrong even if the 
participants maintained correct intervals according to an off-pitch note.  
This situation of shifting the tonal center after an off-pitch note is sung is more 
likely to happen to movable-do sight-singers because the movable-do system is design 
based on the relative intervals between notes. If a note was sung off-pitch by a movable-
do sight-singer, the following notes are highly likely to be sung off-pitch, but at the 
correct intervals relative to the off-pitch note. In contrast, if a fixed-do singer sings a 
series of notes off-pitch, it would be highly unlikely that the notes would happen to fall 
on the correct diatonic intervals relative to the previous off-pitch notes. Therefore, for 
this particular situation, the rules of Antinone (2000) and Brown (2001) can result in 
credits to movable-do sight-singers, and penalties to fixed-do sight-singers. This study, in 
contrast, treats all off-pitch notes equally. If the movable-do system makes it more likely 
that a series of notes will be sung off-pitch, then this is a problem with the solfège system 
itself, and the study’s scoring system should not try to compensate for it. The advantage 
given to movable-do singers by Antinone (2000) and Brown (2001) could further explain 
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why they found no significant differences between the two systems while this study 
found that the fixed-do group had significantly higher pitch accuracy. 
Movable-do System and Modulation 
 During the decades of debate between proponents of the two solfège systems 
(e.g., Bentley, 1959; Larson, 1993; Phillips, 1984; Siler, 1956; Smith, 1991), one of the 
major arguments was whether the movable-do system is able to handle music with 
modulation. Modulation is the process of changing from one key to another in music. 
Therefore, when applying the movable-do system to music with modulation, the singer 
needs to relocate the “do” by analyzing the music to determine the new key and new 
“do”. Even though the movable-do system made sight-singers read music slowly, 
movable-do proponents (e.g., Bentley, 1959; Smith, 1991) still declared that the system 
was superior for the long run because it made students think about theory more often. 
 In this study, many of the passages (i.e., Passages 4, 5, 6, 7, 8, and 9) contained 
chromatic tones used for modulation. However, only one out of 40 movable-do 
participants actually moved the “do” during the test procedure (this particular participant 
was a composition major graduate student). It seems that in practice, it might be difficult 
to fully analyze the modulation in such a short preparatory time (less than 30 seconds) 
and be able to sight-sing music with diatonic and chromatic complexity and change the 
“do” all at the same time. The result suggests that it might take a high level of 
understanding music theory to be able to master and apply the movable-do system in such 
a situation. 
 
 
  
161 
Scoring Software of the Study: PASS 
Human evaluators can be subjective, and affected by various phenomena such as 
vowel color, and inconsistent in scoring judgment over long hours of evaluation. In this 
study, rather than using human evaluators, sight-singing pitch accuracy was scored by a 
computer system, Pitch Accuracy Scoring Software (PASS). PASS analyzed the recorded 
audio waveform and compared each recorded note with a reference pitch for the same 
note in the test passage. Compared with human evaluators, PASS is more accurate, 
effective, efficient, consistent, rapid and reliable. PASS was designed in consultation 
with Dr. David Caditz and Dr. Guillermo Garcia. Dr. Caditz also programed the PASS 
software for the study. The source code is provided in Appendix L. 
Because PASS was custom written for this study, it was validated to ensure that 
the system accurately assessed the recorded passages. Randomly selected recorded 
samples of the test passages were compared using PASS and two experienced evaluators. 
The results indicated a very high degree of correlation between the scores of PASS and 
the two experienced evaluators. Therefore, PASS was considered a valid system to 
accurately assess the recorded passages.  
In this study, over 9000 individual notes (85 participants, nine test passages for 
each participants to sight-sing, 12 notes for each test passage) were scored accurately and 
consistently by PASS in a relatively short time period of only a few hours. In contrast, 
every past comparison sight-singing study (e.g., Antinone, 2000; Brown, 2001; Demorest 
& May, 1995; Henry & Demorest, 1994; Holmes, 2009; Killian & Henry, 2005) used 
human evaluators to score participants’ sight-singing pitch accuracy. Although these 
studies provided few details about the evaluation process, it is likely that the scoring 
  
162 
occurred over a period of weeks or months. The development of PASS, together with its 
current application to pitch accuracy assessment, is a significant finding and 
improvement to research design and a significant contribution to the research literature. 
More discussion of the implications of PASS is given in the section Implications for 
Assessment of Pitch Accuracy below.  
Conclusions 
 One of the significant findings in this study is that the fixed-do group had 
significantly higher pitch accuracy than the movable-do group when singing passages 
with various levels of diatonic and chromatic complexity. The results suggest that the 
fixed-do system is more effective for music with diatonic and chromatic complexity. 
However, the results might be affected by confounding factors, such as the different 
academic level of the schools from which the participants were selected.  
 There were no statistically significant interaction effects either between the 
solfège system and diatonic complexity, the solfège system and chromatic complexity, or 
a three-way interaction among the solfège system, diatonic complexity, and chromatic 
complexity. The results indicate that the two solfège systems had similar behavior across 
the three levels of diatonic complexity and three levels of chromatic complexity. The 
mean scores of diatonic complexity from both systems dropped from the zero complexity 
level to the medium complexity level, but increased again at the high complexity level. 
This counter-intuitive result might be explained by the design of the passages, as 
discussed above. The mean scores of chromatic complexity from both systems dropped 
consistently from the zero to the medium, and medium to high complexity level. 
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 In summary, the three factors in this study—the solfège system, diatonic 
complexity, and chromatic complexity—did have a significant effect on sight-singing 
pitch accuracy individually, however, with no interaction with the solfège system. The 
results did not support some of the anticipations according to the CLT, namely (a) the 
fixed-do group and movable-do group were expected to score generally the same at lower 
levels of diatonic and chromatic complexity, (b) at lower levels of chromatic complexity, 
the movable-do group was expected to score relatively higher in sight-singing pitch 
accuracy as diatonic complexity increased. The results did support the third anticipation 
from the CLT, that is: For a given level of diatonic complexity, the fixed-do group was 
expected to score relatively higher in sight-singing pitch accuracy as chromatic 
complexity increased. No effect was found related to the fourth anticipation: At high 
levels of both diatonic and chromatic complexity, the expectation is unknown. 
Although there were significant results found in this study, there were also 
numerous limitations and confounding factors. Future research can be designed with the 
limitations of this study in mind, and perhaps result in further insights into the influence 
of the two solfège systems on sight-singing pitch accuracy for diatonic complexity and 
chromatic complexity. 
Implications 
While the results answered the research questions subject to the limitations 
discussed above, many new questions were raised that can be pursued in a future study. 
This section provides the implications and recommendations for future research as well 
as implications for educational practice, and implications for assessment of pitch 
accuracy.  
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Implications for Research/Recommendations 
 A replication of this study can be conducted with a larger sample size, perhaps 
state-wide, nation-wide or even globally. A larger sample size would reduce systematic 
errors, and increase statistical power and precision when making inference about the 
population. In addition, due to modern technology, a sight-singing test could potentially 
be conducted through the Internet (e.g., use a voice-over-internet software such as Skype) 
so that the study can be greatly expanded without regard to location. 
 A replication of this study can be conducted in a strict comparison research 
design. In this study, participants mainly were from three schools. A significant amount 
of the fixed-do participants (35 out of 45) were from the school that teaches the fixed-do 
system, and movable-do participants (26 out of 40) were from another school (a school 
that teaches the movable-do system). Although these three schools had similar audition 
requirements for admission and matriculation, same kinds of degree offerings, and 
similar courses and requirements to complete the degree, these schools did not match in 
every possible aspect. A study can be conducted by finding schools which match better in 
every aspect (such as, similar school rankings, school size, class schedule, school 
curriculum, number of instructors teaching sight-singing) but the solfège system (i.e., one 
school teaches fixed-do and the other teaches movable-do system). 
 A replication of this study can be conducted using an experimental design. This 
study was an ex post facto study, which means that students had trained under one of the 
solfège systems before participating the study. A pretest-posttest control group study can 
be conducted in one school with randomly assigned students into three groups: one group 
can learn fixed-do system, one can learn movable-do system, and the third group (control 
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group) will not receive any instruction or practice of any solfège system. Random 
assignment can reduce the bias. Pretest-posttest design allows research to understand how 
much participants have actually improved during the training in the solfège system, and 
the difference before and after the solfège system taught to the students. The control 
group can allow the research observe that how much participants’ sight-singing pitch 
accuracy is actually accounted for by the solfège system. 
 A replication of this study can be designed to examine student’s sight-singing 
interval accuracy, rhythm accuracy, or label accuracy. This study only examined 
student’s sight-singing ability in pitch accuracy. Other sight-singing characteristics (e.g., 
interval, rhythm, and label accuracy) were not examined completely. However, the 
results presented here show that these other factors may be related to pitch accuracy. For 
example, an apparent inverse relationship between pitch accuracy and rhythm accuracy 
was noted, especially for movable-do sight-singers. I would expect such a future study to 
observe three-way interaction effects between solfège system, pitch accuracy and rhythm 
accuracy. Label accuracy can also be examined to test whether sight-singers apply the 
correct syllables to the notes according to the solfège system they use. This would apply 
especially to the movable-do system where, if the sight-singer labels the “do” to a wrong 
note, the remaining notes based on the relative intervals could be off-pitch. 
 A future study can be conducted by setting up a strict tempo (the speed in music 
piece or passage meant to be played or sung). Tempo was not controlled in this study. It 
might create certain level of unfairness when some participants sang fast, some sang 
slow, some changed the tempo in the middle of the passage, and some even stopped in 
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the middle of the passage and continued after taking time to think. A set tempo by a 
metronome can be used to reduce this confounding factor. 
 A sight-singing study can be conducted to investigate the effect on the movable-
do system for various degrees of the scale as starting pitch. This study revealed that 
movable-do sight-singers might be confused when the starting pitch is not at the “do”. A 
future investigation can be conducted to understand how different degrees of the scale 
affects the movable-do sight-singers. 
 The results of this study indicate that many participants presented a dip in 
performance at the medium level of diatonic complexity. One possible explanation for 
this dip is that fatigue occurred toward the middle of the assessment, however, 
participants then tried hard for a “second win” at the end of the assessment (high level of 
diatonic complexity). Such a situation can be addressed by giving passages to the 
participants in a random order, rather than in the order of increasing difficulty. This 
would also address other similar potential bias-producing effects such as participants 
“warming up” as they are sight-singing, participants overcoming initial fear, etc. A 
replication of this study can be conducted with passages given in random order to test for 
such an effect.  
 A comparison study of the two solfège systems can be conducted with music 
passages designed to focus specifically on chromatic elements used for modulation. 
Modulation is one of the most common chromatic composition styles, and has been at the 
center of major argument in decades of debates between the fixed-do and movable-do 
proponents.  
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A comparison study of the two solfège systems can be conducted with passages 
designed to focus on music in minor keys or atonal music. To reduce the confounding 
variables and complications, music in a minor key or in an atonal genre was not included 
in the test passages in this study.  
Both fixed-do and movable-do systems have sub-systems (fixed-do: non-
chromatic fixed-do system and chromatic fixed-do system; movable-do: do-minor 
movable-do system and la-minor movable-do system). A replication study can be 
conducted to look at the results separated by sub-system in the two solfège systems. 
Since the movable-do system has two sub-systems to sight-singing music in minor keys 
(do-minor movable-do system and la-minor movable-do system), the results from the 
movable-do subjects should be compared between the two minor sub-systems when 
including minor keys to test passages.  
A replication study can be conducted including demographic data as factors. This 
study did not investigate how demographic data may influence the results. However, it is 
possible that the demographic data can be confounding factors. In this study, the results 
showed that participants who were either female, Asian, composition or piano majors, or 
had earlier piano starting age, had higher pitch accuracy. All demographic data were not 
discussed in this study because this was not the focus of the study and also the sample 
sizes of sub-groups according to the demographic data were fairly small. A future study 
can be conducted given these insights into the sight-singing pitch accuracy when 
investigating the influence of solfège system and the music complexity. 
Finally, a replication study should be conducted but include other sight-singing 
methods, such as number system and neutral syllables. This study only focused on the 
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two solfège systems. It is important to investigate whether any other sight-singing 
methods can be more efficient in helping students’ sight-singing ability.  
Implications for Educational Practice 
 Although sight-singing is commonly recognized as a basic and essential music 
skill, it remains one of the weakest components in music education. As yet, there is no 
clear conclusion as to which method (between the two solfège systems) is more effective. 
Music educators have different opinions on which solfège systems should be taught. This 
results in some schools using the fixed-do system and some using the movable-do system 
which, in turn, causes great confusion and conflict for students, for example, when 
changing from one school to another.  
The findings from this study go a long way toward answering these longstanding 
questions and provided a better perspective for music educators regarding sight-singing 
methods to help music learners. The results of this study indicate that the fixed-do system 
participants had significantly higher sight-singing pitch accuracy compared to the 
movable-do system participants. After controlling for many confounding variables in this 
study, fixed-do participants had significantly higher sight-singing pitch accuracy across 
all levels of diatonic complexity and chromatic complexity. The results strongly suggest 
that the fixed-do system is the more effective system to help student’s sight-singing 
ability.  The results presented here provide a reference for music educators in making a 
decision between the two solfège systems.  
 Another implication of the study is that both diatonic and chromatic complexity 
had a significant effect on students’ sight-singing pitch accuracy in both solfège systems. 
This suggests that students from both systems should practice more on music with 
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various levels of diatonic and chromatic complexity. In particular, results revealed that 
when chromatic complexity increases, students’ pitch accuracy from both systems 
decreases strongly. More practice sight-singing chromatic music seems necessary in 
music education curricula. 
 The results further suggest that movable-do sight-singers became confused when 
the passage did not start from the “do”. Because the way the movable-do system is 
designed, movable-do sight-singers need to first identify the key from the key signature, 
then locate the “do” to the keynote, and then apply the rest of the syllables “re, mi, fa, sol, 
la, ti” to the notes according to the do. However, for Passage 2, of the 40 movable-do 
sight-singers, 11 participants assumed the starting note was “do” without identifying the 
key, and applied the wrong syllables throughout the passage. This caused a significant 
decrease in the average pitch accuracy scores. Practice identifying keys should be 
strongly emphasized for the institutions teaching the movable-do system. 
 Numerous studies showed that piano experience has a strong impact on sight-
singing pitch accuracy in a positive way (Brown, 2001; Daniel, 1986; Demorest, 1998; 
Demorest & May, 1995; Harrison, 1996; Henry, 2011; Henry & Demorest, 1994; Killian 
& Henry, 2005; McClung, 2001; Scott, 1996; Tucker, 1969; White, 2009). Numerous 
studies also showed that early music education had a strong impact on development of 
pitch sensibility and accuracy (Baharloo, Service, Risch, Gitschier & Freimer, 2000; 
Brown, Sachs, Cammuso & Folstein, 2002; Chin, 2003; Knox, 1998; Miyazaki & Ogawa, 
2006; Winstead, 2000). Therefore, results suggested that early music education, 
especially in piano, strongly affects music learners pitch accuracy. Music educators or 
parents can offer a music, especially piano, learning environment for music learners when 
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they are young to avoid missing out on the possible critical period to develop more 
sensitive pitch accuracy. 
Implications for Assessment of Pitch Accuracy 
 The computer scoring system, PASS, was developed for this study. The results 
indicate that the PASS is a highly accurate scoring system. PASS provides the accuracy, 
consistency, and convenience in scoring pitch accuracy of each sung note and it 
overcomes numerous limitations of human scorers, including inconsistency, subjectivity, 
fatigue, and the length of time required for humans to score large numbers of passages, 
and cost. The source code for PASS is made available in Appendix L and is freely 
available for adaption and improvement as needed. For researchers, music educators and 
musicians, PASS can be used to examine pitch accuracy for any number of scenarios. For 
researchers, PASS can provide a method to analyze pitch accuracy in large numbers of 
passages accurately and in a relatively short time. For music educators and musicians, 
PASS not only can be used to examine pitch accuracy in sight-singing and ear-training, 
but also can be used to examine the “in-tune” situation for playing instruments, especially 
for fretless instruments, such as the violin, viola, and cello. 
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research proposed by Ms. Jou-Lu Hung, a doctoral student at University of San Francisco. 
We are aware that Ms. Hung intends to recruit participants and conduct her research by 
administering a sight-singing test with nine music passages and a background survey to 
our students. 
 
I am responsible for all students at (school name) and am the chairperson at the 
institution. I give Ms. Hung permission to conduct her research in our academic 
institution. 
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San Francisco, CA 94117 
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INFORMED CONSENT FORM 
UNIVERSITY OF SAN FRANCISCO 
CONSENT TO BE A RESEARCH SUBJECT 
 
Purpose and Background  
Ms. Jou-Lu Hung, a doctoral student in the School of Education at the University 
of San Francisco is doing a study on sight-singing methods testing for college music 
major students. Fixed-do and movable-do systems are the two solfège systems commonly 
used for sight-singing. The researcher is interested in understanding the differences 
between the two systems of music with various complicated levels for college music 
major students. I am being asked to participate because I am a college music major 
student who have trained under either fixed-do or movable-do system and have been 
playing piano before age 12.  
 
Procedures  
If I agree to be a participant in this study, the following will happen: 
1. I will complete sight-sing nine music passages. 
2. I will complete a background survey with 10 questions.  
 
Risks and/or Discomforts 
1. It is possible that sight-singing some of the music passages or the background 
survey may make me feel nervous and uncomfortable, but I am free to decline to 
sight-sing any music passage that I do not wish to do or to stop participation at 
any time. 
 
2. Participation in research may mean a loss of confidentiality. Study records will be 
kept as confidential as far as is possible. Although you might have leave your 
name in during the recruitment, only a code of identification will be used for 
recording the procedure and analyzing the results. No individual identities will be 
used in any reports or publications resulting from the study. Study information 
will be coded and kept in locked files at all times. Only the researcher will have 
access to the files. 
 
Benefits 
There will be no direct benefit to me from participating in this study. The 
anticipated benefit of this study is a better understanding of the two sight-singing solfège 
systems of music with various levels of complexity for college music major students.  
 
Costs/Financial Considerations  
There will be no financial costs to me as a result of taking part in this study.  
 
Payment/Reimbursement  
A five-dollar gift card will reimburse my time and effort to travel to the location 
in the school building (i.e., school classroom, music practice room, etc.).  
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Questions  
I have talked to Ms. Hung about this study and have had my questions answered. 
If I have further questions about the study, I may call her at (###) ###-####. If I have any 
more questions or comments about participation in this study, I should first talk with the 
researcher, Ms. Hung. If for some reason I do not wish to do this, I may contact the 
IRBPHS, which is concerned with protection of volunteers in research projects. I may 
reach the IRBPHS office by calling (415) 422-6091 and leaving a voicemail message, by 
e-mailing IRBPHS@usfca.edu, or by writing to the IRBPHS, Counseling Psychology 
Department, Education Building, University of San Francisco, 2130 Fulton Street, San 
Francisco, CA 94117-1071. 
 
Consent  
I have been given a copy of this consent form to keep. PARTICIPATION IN 
RESEARCH IS VOLUNTARY. I am free to decline to be in this study, or to withdraw 
from it at any point. My decision as to whether or not to participate in this study will have 
no influence on my present or future status as a student at my school.  
 
 
 
My signature below indicates that I agree to participate in this study. 
 
_____________________________   _______________________ 
Subject’s Signature      Date of Signature 
 
 
_____________________________   _______________________ 
Signature of Person Obtaining Consent   Date of Signature 
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Demographic Survey 
for USF Sight-Singing Study 
 
 
1. Academic level: 
   Freshman       Sophomore     Junior    Senior 
   First-year graduate        Second-year graduate       Other __________ 
 
2. Primary instrument (or voice):      ___________________ 
 
3. Years of music learning experience:     Overall: ______   Private lessons: _____ 
 
4. Years of choir experience:       _______ 
 
5. Piano learning experience:  
a. How old were you when you started to play piano?  Age: ______ years 
b. Years of piano experience: _____ 
 
6. The system used for sight-singing: 
   Fixed-do solfège system         Movable-do solfège system  
   Other _____________ 
 
7. Years of practice under the sight-singing system described above:       _______ 
 
8. Gender :    Male       Female   
 
9. Age:       ________ years 
 
10. Ethnicity: 
   Caucasian      Asian      Hispanic       African American    
   Pacific Islander                Other ______________ 
 
 
 
 ~ Thank You ~ 
 
 
   
 
School of Education  
Department of Learning & Instruction 
University of San Francisco 
 
Code: ________________ 
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Participants Needed for a Sight-Singing Study 
 
I am a doctoral student at University of San Francisco, School of Education. I am 
looking for music students to participate in a sight-singing research study. This 
research is for my dissertation on sight-singing methods. 
 
Schedule or Drop-In 
12-3pm 2/17, 2/20, 2/24, & 2/27 (Mondays & Fridays)  
Room ### / Prof. #### office 
Who?  
College music major students have been trained using any solfège system 
(do, re, mi,...), and have had piano experience before or beginning at age 12. 
 
What do you have to do?  
You will sight-sing 9 short music passages, and complete a short 
demographic survey. 
 
How long?   
5-10 minutes per participant.  
 
Reimbursement                                                            
You will receive a $5 gift card for a (Local Shop Name XXX). Snacks will 
also be provided. 
 
Confidentiality 
The study will be completely confidential. The sight-singing procedure will 
be recorded with a code for identification and the results will be analyzed using a 
computer system. 
 
For more information, or to sign up, contact the researcher Lulu Hung at: (###) ####, 
or ####@hotmail.com 
 
Lulu Hung, doctoral candidate 
School of Education 
University of San Francisco 
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Recruitment Flyer for School Two 
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Participants Needed for a Sight-Singing Study 
 
I am a doctoral student at University of San Francisco, School of Education. I am 
looking for music students to participate in a sight-singing research study. This 
research is for my dissertation on sight-singing methods. 
 
Schedule or Drop-In 
Wed. & Thur. (2/22 & 2/23) 10am-3pm 
Practice Room #### – (Building Name XXX) 
 
Who?  
College music major students have been trained using any solfège system 
(do, re, mi,...), and have had piano experience before or beginning at age 12. 
 
What do you have to do?  
You will sight-sing 9 short music passages, and complete a short 
demographic survey. 
 
How long?   
5-10 minutes per participant.  
 
Reimbursement                                                            
You will receive a $5 gift card of (School Bookstore Name XXX). Snacks will 
also be provided. 
 
Confidentiality 
The study will be completely confidential. The sight-singing procedure will 
be recorded with a code for identification and the results will be analyzed using a 
computer system. 
 
For more information, or to sign up, contact the researcher Lulu Hung at: (###) ####, 
or ####@hotmail.com 
 
 
Lulu Hung, doctoral candidate 
School of Education 
University of San Francisco 
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Participants Needed for a Sight-Singing Study 
 
I am a doctoral student at University of San Francisco, School of Education. I am 
looking for music students to participate in a sight-singing research study. This 
research is for my dissertation on sight-singing methods. 
 
Schedule or Drop-In 
10am-3pm 2/29, 3/1, 3/2, 3/7, 3/8, 3/9  
Wednesdays, Thursdays & Fridays 
Room ### & ####, (Building Name XXX) 
Who?  
College music major students have been trained using any solfège system 
(do, re, mi,...), and have had piano experience before or beginning at age 12. 
 
What do you have to do?  
You will sight-sing 9 short music passages, and complete a short 
demographic survey. 
 
How long?   
5-10 minutes per participant.  
 
Reimbursement                                                            
You will receive a $5 gift card of (School Bookstore Name XXX). Snacks will 
also be provided. 
 
Confidentiality 
The study will be completely confidential. The sight-singing procedure will 
be recorded with a code for identification and the results will be analyzed using a 
computer system. 
 
For more information, or to sign up, contact the researcher Lulu Hung at: (###) ####, 
or ####@hotmail.com 
Lulu Hung, doctoral candidate 
School of Education 
University of San Francisco 
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Appendix L 
Source Code for Pitch Accuracy Scoring Software (PASS) Computer Program 
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0001 //************** analyzeData.sci *************************** 
0002 
0003 //Master procedure for analyzing audio files contained in folder 
0004 //Loops through files in the folder and applied analyzeWave to each file 
0005 //results are printed to specified outFile 
0006 
0007 //Usage: 
0008 
0009 //1) edit folder and genderOctave for Male or female singers 
0010 //2) Define passage notes 
0011 //3) run 'exec analyzeData.sci' (the name of this file) in SciLab console 
0012 //4) run analyzeFiles("wav") in SciLab console 
0013 
0014 //Note: ps is the string to filter passage filemanes. e.g., 'wav' 
0015 
0016 function analyzeFiles(ps) 
0017 
0018 //FEMALE: 
0019 //folder = "D:\lulu audio analysis\data - audiofiles\Female Audio files 03_21_12\"; 
0020 //genderOctave=1;//female 
0021 
0022 //MALE: 
0023 folder = "D:\lulu audio analysis\data - audiofiles\male audio files 03_21_12\"; 
0024 genderOctave=.5;//male 
0025 
0026 resultFolder = "D:\lulu audio analysis\data - audiofiles\results\"; 
0027 
0028 A3#=233.08; 
0029 B3=246.94; 
0030 C4 = 261.63; 
0031 C4# = 277.18; 
0032 D4 = 293.66; 
0033 D4#= 311.13; 
0034 E4=329.23; 
0035 F4=349.23; 
0036 F4#= 369.99; 
0037 G4 = 392; 
0038 G4# = 415.20; 
0039 A4=440; 
0040 A4#=466.16; 
0041 B4=493.88; 
0042 C5=523.25; 
0043 C5#=554.36; 
0044 D5=587.33; 
0045 
0046 passage1 = [C4 G4 F4 E4 F4 G4 A4 F4 D4 G4 F4 E4] 
0047 passage2 = [F4 A4# A4 G4 D4# G4 F4 A4 G4 F4 C4 A4#] 
0048 passage3 = [E4 G4# A4 G4# B4 E4 F4# A4 G4# F4# B4 G4#] 
0049 passage4 = [C4 D4 D4# E4 F4 A4 D4 E4 A4 G4# F4# E4] 
0050 passage5 = [D4 F4# F4 F4# G4 D4 E4 G4 C4 D4 E4 F4] 
0051 passage6 = [G4# F4 D4# E4 F4 G4# C5 B4 C5 D5 G4 C5] 
0052 passage7 = [G4 C4 E4 D4# E4 F4# G4# G4# A4 D4# E4 F4#] 
0053 passage8 = [A3# D4 D4# C4# G4# F4# E4 F4# C4 C4# D4# F4] 
0054 passage9 = [G4# E4 F4# A4 G4 C4# D4 F4 D4# A4# A4 A4#] 
0055 
0056 //Note: specify proper path to analyzeWave.sci 
0057 exec "D:\lulu audio analysis\source code\analyzeWave.sci"; 
0058 
0059 //******** **** **** **** DO NOT EDIT BELOW THIS LINE *********************** 
0060 
0061 chdir(folder) 
0062 
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0063 tic 
0064 
0065 f = dir(msprintf('*%s*',ps)); 
0066 n = f.name; 
0067 [r,c] = size(n); 
0068 
0069 outFile = msprintf('%sresult_%s_%f.txt',resultFolder,ps,now()); 
0070 printf('Output Filename: %s\n',outFile); 
0071 
0072 fid = mopen(outFile, "w"); 
0073 if (fid == -1) 
0074 error('cannot open file for writing'); 
0075 return; 
0076 end 
0077 
0078 for i=1:r 
0079 printf('%d of %d\n',i,r) 
0080 filename = n(i,1); 
0081 printf('Filename: %s\n',filename) 
0082 
0083 // system 
0084 solfegeSys = "?"; 
0085 if regexp(filename,'/f/') == 4 then 
0086 solfegeSys = "fix"; 
0087 end 
0088 if regexp(filename,'/m/')==4 then 
0089 solfegeSys= "mov"; 
0090 end 
0091 
0092 //octave sung 
0093 octave = genderOctave; 
0094 if regexp(filename,'/8valower/') >0 then 
0095 octave = .5 * octave; 
0096 end 
0097 if regexp(filename,'/8vahigher/')>0 then 
0098 octave = 2 * octave; 
0099 end 
0100 printf('Octave: %3.2f\n', octave) 
0101 
0102 //passage 
0103 passName = '?'; 
0104 if regexp(filename,'/ps1/')> 0 then 
0105 passage = passage1; 
0106 printf('Passage: 1\n'); 
0107 passName = 'Passage 1'; 
0108 passNum = 1; 
0109 end 
0110 if regexp(filename,'/ps2/')> 0 then 
0111 passage = passage2; 
0112 printf('Passage: 2\n'); 
0113 passName = 'Passage 2'; 
0114 passNum = 2; 
0115 end 
0116 if regexp(filename,'/ps3/')> 0 then 
0117 passage = passage3; 
0118 printf('Passage: 3\n'); 
0119 passName = 'Passage 3'; 
0120 passNum = 3; 
0121 end 
0122 if regexp(filename,'/ps4/')> 0 then 
0123 passage = passage4; 
0124 printf('Passage: 4\n'); 
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0125 passName = 'Passage 4'; 
0126 passNum = 4; 
0127 end 
0128 if regexp(filename,'/ps5/')> 0 then 
0129 passage = passage5; 
0130 printf('Passage: 5\n'); 
0131 passName = 'Passage 5'; 
0132 passNum = 5; 
0133 end 
0134 if regexp(filename,'/ps6/')> 0 then 
0135 passage = passage6; 
0136 printf('Passage: 6\n'); 
0137 passName = 'Passage 6'; 
0138 passNum = 6; 
0139 end 
0140 if regexp(filename,'/ps7/')> 0 then 
0141 passage = passage7; 
0142 printf('Passage: 7\n'); 
0143 passName = 'Passage 7'; 
0144 passNum = 7; 
0145 end 
0146 if regexp(filename,'/ps8/')> 0 then 
0147 passage = passage8; 
0148 printf('Passage: 8\n'); 
0149 passName = 'Passage 8'; 
0150 passNum = 8; 
0151 end 
0152 if regexp(filename,'/ps9/')> 0 then 
0153 passage = passage9; 
0154 printf('Passage: 9\n'); 
0155 passName = 'Passage 9'; 
0156 passNum = 9; 
0157 end 
0158 
0159 clear sNote; 
0160 clear sTot; 
0161 [sNote,sTot]= analyzeWave(folder + filename,passage,octave); 
0162 
0163 printf('Result %3.2f\n', sTot) 
0164 printf("________________\n") 
0165 
0166 if sTot==-1 then 
0167 mfprintf(fid,"****") 
0168 end 
0169 participant = strncpy(filename,3); 
0170 mfprintf(fid, "%s, %s, %s, %d, %3.2f, 
%4.2f",participant, filename,solfegeSys,passNum,octave,sTot); 
0171 if length(sNote) > 1 then 
0172 for i = 1:length(sNote) 
0173 mfprintf(fid, ", %4.2f ", sNote(i)); 
0174 end 
0175 end 
0176 
0177 mfprintf(fid, "\n"); 
0178 
0179 
0180 end 
0181 mclose(fid); 
0182 t = toc(); 
0183 printf('Elasped time %3.2f\n', t) 
0184 
0185 endfunction 
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0001 //************** analyzeWave.sci *************************** 
0002 
0003 // Function for scoring pitch accuracy of audio file 
0004 
0005 // Inputs: 
0006 
0007 // filename - name of file to analyze 
0008 // score - an array of notes that defines the passage 
0009 // octave - the fundamental octave of the sung passage 
0010 
0011 //Outputs: 
0012 
0013 //sNote - an array of scores. One score for each note 
0014 //sTot - the total score for the passage averaged over the individual notes 
0015 
0016 function [sNote, sTot]=analyzeWave(filename, score, octave) 
0017 //function 
[s1,s2,s3,s4,s5,s6,s7,s8,s9,s10,s11,s12,sTot]=analyzeWave(filename,score,gender) 
0018 //function r=analyzeWave(filename,score,gender) 
0019 //printf("___________________________________________\n") 
0020 //printf("File: %s\n",filename ) 
0021 
0022 tic() // start stopwatch; 
0023 s1=loadwave(filename); 
0024 //playsnd(s1) 
0025 //%****************************************************************************** 
0026 
0027 //% Parameter definitions 
0028 
0029 //%****************************************************************************** 
0030 //q = 0.01; //% amplitude factor for note threshold detection. Ratio of 
threshold to maximum of s1.^2 
0031 
0032 w = 500; //% index window for note threshold detection 
0033 
0034 Fs = 8000; //% sampling frequency 
0035 
0036 //gender = 0; //% = 0 unknown 1=female,2 = male, if 0 gender will be calculated from 
wave file 
0037 
0038 df = 2.^(0.5/12) //% note ratio for half a semitone in equal temperament 
0039 
0040 //%****************************************************************************** 
0041 
0042 //% Note definitions frequency in Hz. 
0043 //% Paste into console to define notes for score 
0044 
0045 //%****************************************************************************** 
0046 A3#=233.08; 
0047 B3=246.94; 
0048 C4 = 261.63; 
0049 C4# = 277.18; 
0050 D4 = 293.66; 
0051 D4#= 311.13; 
0052 E4=329.23; 
0053 F4=349.23; 
0054 F4#= 369.99; 
0055 G4 = 392; 
0056 G4# = 415.20; 
0057 A4=440; 
0058 A4#=466.16; 
0059 B4=493.88; 
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0060 C5=523.25; 
0061 C5#=554.36; 
0062 D5=587.33; 
0063 
0064 //%****************************************************************************** 
0065 
0066 //% NOTE: score is an input parameter, but can be overridden here 
0067 
0068 //%****************************************************************************** 
0069 
0070 //score=[C4 G4 F4 E4 F4 G4 A4 F4 D4 G4 F4 E4]; 
0071 
0072 //%****************************************************************************** 
0073 
0074 //% Do not edit below 
0075 
0076 //%****************************************************************************** 
0077 
0078 n = length(s1) //% length of input array 
0079 
0080 //% Create threshold mask. Set values below threshold to 0 and above to 1. 
0081 
0082 s2=s1.^2; 
0083 //t = q* max(s2); 
0084 
0085 t = .0001;// since silence was added between each note 
0086 
0087 //t = .05; //% assumes passage was modified by autogain in GoldWave 
0088 clear y; 
0089 for(i=1:n-w) 
0090 p = max(s2(i:i+w)); 
0091 if p <= t then 
0092 y(i) = 0; 
0093 //i = i + w 
0094 else 
0095 y(i)=1; 
0096 end 
0097 end 
0098 
0099 //i = 1; 
0100 //while i < n-w 
0101 // p = max(s2(i:i+w)); 
0102 // if p <= t then 
0103 // y(i) = 0; 
0104 // i = i + w; 
0105 // else 
0106 // y(i)=1; 
0107 // i = i + 1; 
0108 // end 
0109 // if i - fix(i/1000).*1000 == 0 then 
0110 // printf('.') 
0111 // end 
0112 //end 
0113 //printf('\n') 
0114 
0115 for(i=n-w+1:n) 
0116 y(i)=0; 
0117 end 
0118 
0119 //plot(y) 
0120 //% Create array containing position of note leading edges by detecting threshold mask 
leading edge. 
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0121 clear edge; 
0122 l = 1; 
0123 for (i=2:n) 
0124 if (y(i) - y(i-1)) == 1 
0125 edge(l) =i; 
0126 l=l+1; 
0127 end 
0128 end 
0129 edge(l)=n; //%manually set last edge to end of file 
0130 
0131 //printf(length (edge)) 
0132 
0133 if length(edge) ~= length(score)+1 
0134 printf('Notes detected: %d\n ',length(edge)-1) 
0135 sNote = [0]; 
0136 result =-1; 
0137 printf('%s\nError-number of notes does not match score.\n ',filename) 
0138 else 
0139 
0140 
0141 //pause 
0142 //% loop through each note. Calculate FFT and power spectrum. Filter power spectrum 
for result: 
0143 result=0; 
0144 
0145 for j=1:length(edge)-1 
0146 if score(j) ==0 then //Allow masking out particular notes 
0147 continue 
0148 end 
0149 note= s1(edge(j):edge(j+1)) ; 
0150 n = length(note); 
0151 nUniquePts = ceil((n+1)/2); 
0152 
0153 //% see http://xoomer.virgilio.it/sam_psy/psych/sound_proc/sound_proc_matlab.html 
0154 ft = fft(note); 
0155 ft= ft(1: nUniquePts); 
0156 ft=abs(ft); 
0157 ft = ft/n; 
0158 p = (ft.^2); 
0159 if n-fix(n./ 2).*2 //% n odd 
0160 p(2: nUniquePts) = p(2: nUniquePts)*2; 
0161 else 
0162 p(2: nUniquePts -1) = p(2: nUniquePts -1)*2; 
0163 end 
0164 
0165 f_n = (0:nUniquePts-1) * (Fs/n); // freq(n) 
0166 n_f= (1:f_n(nUniquePts)) * (n/Fs); // n(freq) 
0167 
0168 //%plot(f_n,p) 
0169 
0170 //% Determine gender by looking for harmonic near half frequence score 
0171 
0172 // q2 = .4 
0173 // if gender==0 then 
0174 // 
0175 // // The following range can be adjusted to capture possible lower harmonic of 
male voice 
0176 // n1 = n_f(score(j)); 
0177 // //nmin=n1/4.; 
0178 // //nmax = n1*3/4; 
0179 // 
0180 // nmin=50;// filter for low frequency noise 
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0181 // nmax = n1*5./4.;//this might need adjustment. 
0182 // t = q2* max(p(nmin:nmax)); // threshold 
0183 // 
0184 // for(i=nmin:nmax) 
0185 // if p(i)>t 
0186 // n1 = i; //% lowest n having power > threshold 
0187 // break; 
0188 // end 
0189 // end 
0190 // 
0191 // if n1/n_f(score(j))<.6 //% should be < 0.5 but leave margin of safety for 
off-pitch notes 
0192 // gender=2; 
0193 // genderName = "male"; 
0194 // printf('Gender: male\n') 
0195 // else 
0196 // gender=1; 
0197 // genderName = "female"; 
0198 // printf('Gender: female\n') 
0199 // end 
0200 // 
0201 // end 
0202 
0203 //% Filter and compare power in note freq +/-10Hz to power in octave centered on note. 
0204 
0205 //% octave filter: octave centered on note frequency 
0206 fOctMin = (score(j)/sqrt(2)) * octave; 
0207 fOctMax = (score(j)*sqrt(2)) * octave; 
0208 nOctMin = n_f(fOctMin); 
0209 nOctMax = n_f(fOctMax); 
0210 
0211 
0212 //% note filter: 
0213 fMin = (score(j)/df) * octave; 
0214 fMax = (score(j)*df)* octave; 
0215 nMin = n_f(fMin); 
0216 nMax = n_f(fMax); 
0217 // pause 
0218 //% calculate power in octave and in note filter 
0219 p1 = sum(p(nOctMin:nOctMax)); 
0220 p2 = sum(p(nMin:nMax)); 
0221 //pause 
0222 
0223 result_l = (p2/p1 * 100 ) 
0224 sNote(j) = result_l; 
0225 //printf('%d %3.2f: %3.2f\n',j,score(j),result_l) 
0226 
0227 result = result + result_l; 
0228 
0229 end // end of for loop 
0230 
0231 result = result / length(score); 
0232 result = min(100,result); 
0233 
0234 end // end of if 
0235 sTot = result; 
0236 //disp("Score: "+ string(result)) 
0237 
0238 //printf('Score %3.2f\n', result) 
0239 //printf("________________\n") 
0240 t = toc(); 
0241 //printf('Elasped time %3.2f\n', t) 
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0242 
0243 
0244 //r=result; 
0245 
0246 endfunction 
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Grading Sheet:  Participant 4 
  
            
 
 
            
 
 
            
 
 
            
 
 
            
 
 
            
 
 
            
 
 
            
 
 
            
 
